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PREFACE TO THE FIRST EDITION 


In his preface to the new edition of the well-known 
^Practical Biology^ Professor Huxley gives his reasons for 
beginning the study of organised nature with the higher 
forms of animal life, to the abandonment of his earlier 
method of working from the simpler to the more complex 
organisms. He says in eiTect that experience has taught 
him the unwisdom of taking the beginner at once into the 
new and strange region of microscopic life, and the advan- 
tage of making him commence his studies with a subject of 
which he is bound to know something — the elementary 
anatomy and physiology of a vertebrate animal. 

Most teachers will probably agree with the general truth 
of this opinion. The first few weeks of the, beginner in 
natural science are so fully occupied in mastering an un- 
familiar and difficult terminology and in acquiring the art 
of using his eyes and fingers, that he is simply incapable for 
a time of grasping any bf the principles of the science ; and, 
this being the case, the more completely his new work can 
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be connected with any knowledge of the subject, however'' 
vague, he may already possess, the better for his progress. 

On thp other hand, the advantage to logical treatment of 
proceeding from the simple to the complex— of ^ivorking 
upwards from protists to the higher plants and animals — is 
so immense that it is not to be abandoned without very good 
and sufficient reasons. 

In my own experience I have found that the difficulty 
may be largely met by a compromise, namely, by beginning 
the wo|it of the class by a comparative study of one of the 
higben' (flowering plant or fern) and of one of the 

higher animals (rabbit, frog, or crayfish). If there were no 
limitations as to time, and if it were possible to avoid alto- 
gether the valley of the shadow of the coming examination,, 
this preliminary work might be extended with advantage, and 
made to include a fiiirly complete although elementary study 
of animal jihysiology, with a minimum of anatomical detail, 
and a somewhat extensive study of flowering plants with 
special reference to their physiology and to their relations 
to the rest of nature. 

In any case by the time this introductor;^ work is over, 
the student of average intelligence has overcome pre- 
liminary difficulties, and is ready to profit by the second 
and more systematic part of the course in which organisms 
are studied in^the order of increasing complexity. 

It is such a course of general elemenlarj' biology which 
I have attempted to give in the following Lessons, my aim 
having been to provide a book which may supply in the 
study the place occupied in the laboratory by “ Huxley and 
Martin,” by giving the connected narrative which would 
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*Qut of place in a practical handbook. I also venture to 
hope that the work may be of some use to students • /ho 
have studied zoology and botany as separate subjects, as 
well as^to that large class of workers whose services to 
English science often receive but scant recognition — I mean 
amateur microscopists. 

As to the general treatment of the subject I have been 
guided by three principles. Firstly, thaMhe main object of 
teaching biology as part of a liberal education is to familiarise 
the student not so much with the facts as with the ideas of 
science. Secondly, that such ideas are best understood, at 
least by beginners, when studied in connection with concrete 
types of animals and plants. And, thirdly, that the types 
j::hosen should illustrate without unnecessary complication 
the particular grade of organisation they arc intended to 
typify, and that exceptional cases are out of ])lace in an 
elementary course. 

T'he types have therefore been selected with a view of 
illustrating all the more important modifications of structure 
and the chief physiological processes in plants and animals ; 
and, by the ofcasional introduction of special lessons on 
such subjects as biogenesis, evolution, &c., the entire work 
is so arranged as to give a fairly connected account of the 
general principles of biology. It is in obedience to the last 
of the principles just enunciated that I have described so 
many of the Protozoa, omitted all but a brief reference to 
the development of Hydra and to the so-called sexual pro- 
cess in Penicillium, and described Nitella, instead of Chara, 
and Polygordius instead of the earthworm. The last-named 
substitution is of course only made possible by the book 
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being intended for the study and not for the laboratory but 
I fed convinced that tb^ student who masters the structure 
of Polygordius, even from figures and descriptions alone, 
will be in a far better position to profit by a pr!ictkal study 
of one of the higher worms. 

Lessons XXVII. and XXX.^ are mere summaries, and can 
only be read profitably by those who have studied the 
organisms described, or allied forms, in some detail. Such 
al^stracts were however necessary to the plan of the book, in 
to show how all the higher animals and plants may 
be described, so to speak, in terms of Polygordius and of 
the fern. 

For many years I have been convinced of the urgent need 
for a unification of terminology in biology, and have now 
attempted to carry out a consistent scheme, as will be seen 
by referring to the definitions in the glossary. Many of 
Mr. Harvey Gibson’s suggestions are adopted, and three new 
words are introduced— phyllula, gamobium, and agamo- 
bium. I expect and perhaps deserve to be criticised, or, 
what is worse, let alone, for the somewhat extreme step of 
using the word ovary in its zoological sense 'throughout the 
vegetable kingdom ; and for describing as the vefiter of the 
pistil the so-called ovary of Angiosperms. I would only 
beg my critics before finally pronouncing' judgment to try 
and look at the book, from the point of view of the begin- 
ner, as a graduated course of instruction, and to consider 
the effect upon the entire scheme of using a term of funda- 
mental importance in two utterly different senses. 

A large proportion of the figures ^rc copied either from 
^ See Preface to the Third Edition, p. xi. 
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Ji^iginal sources or from my own drawings — the latter when 
nd authority is mentioned. The fnajority, even of the ;e 
which have previously appeared in text-hooks, have been 
specially'cngraved for the work, the draughtsman being 
my brother, Mr. M. P. Parker. In order to facilitate 
reference the illustrations referring to each subject have, as 
far as possible, been grouped together, so that the actual is 
considerably larger than the nominal number of figures. 
Full descriptions arc given instead of mere lists of reference- 
letters : these will, I hope, be found useful as abstracts of 
the subjects illustrated. 

I have to thank my friends Mr. A. Dillon Pell and Pro^ 
fessor J. H. Scott, M.D., for constant and valuable help in 
cj;iticising the manuscript. To Dr. Paul Meyer, of the 
Zoological Station, Naples, I am indebted for specimens 
of lk.)lygordius ; and to Prolessor Sale, of this University, 
Professor Haswell, of Sydney, Professor d'homas, of Auck- 
land, and Professors Howes and 1). H. Scott, of South 
Kensington, for important information and criticism on 
special ])oints. My brother, Professor W. Newton Parker, 
has kindly pronfised to undertake a final revision for the 
press. 

Duneiun, N.Z., 

Auptsf 1890 . 
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In the two former editions the “ Lessons ” practically 
concluded witli 1‘olygordius as an examine of tripoblastic 
animals, and with the Fern as an example of vascular 
plants, and the merest sketches of the higher groups of both 
kingdoms were added (see Prelace to the first edition, 
]). viii). It ha^- however, been suggested to me from more 
than one source, that the usefulness of the book would be 
ii¥:reased by expanding these sketches into something more 
comprehensible to the beginner. 

This I have done in the jiresent edition, with the result 
that l.esson XXVIL of previous editions has been expanded 
into Lessons XXVL — XXIX., and Lesson XXX. into 
Lessons XXXII. — XXXIV. The new matter is illustrated 
with forty additional figures. 

1 have again to thank my brother, ITof. W. N. Parker, 
for sacrificing much time in the labour of proof correcting. 


September 1S96. 
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LESSON I 

AMG'HA 

It is hardly possible to make a better beginning of the 
systematic study of Biology than by a detailed examination 
of a microscopic animalcule often found adhering to weeds 
and other submerged objects in stagnant water, and known 
to naturalists as Amceba. 

Amoebae are mostly invisible to the naked eye, rarely 
exceeding one-fourth of a millimetre inch) in dia 

meter, so that it is necessary to examine them entirely by 
the aid of the microscope. They can be seen and re- 
cognised under the low power of an ordinary student’s 
microscope which magnifies from twenty-five to fifty dia- 
meters ; but for accurate examination it is necessary to 
employ a far higher power, one in fact which magnifies 
about 300 diameters. 

Seen under this powerman Amoeba appears like a little 

IE £ 




Fig. I.— a. Amcsha quarta, a living* specimen, showing granular 
endosarc surrounded by clear ectosarc, and scyeral pseudopods {psd\ 
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some formed of cclosarc only, others containing a core of endosarc. 
The larger bodies in the endosarc are mcAtly food-particles ( x 3cx^).^ 

B. The same species, killed and stained with carmine to* show the 
numerous nuclei ( ///<)' ( x 300). • 

c. Al^ivha proteus^ a living specimen, showing large irregilar 
]-)seudopods, nucleus (;/?/), contractile vacuole (r. var), and two food 
vacuoles {/. vac), each containing a small infusor (see 1 esson X.) which 
has been ingested as food. 'J'he letters to the iight of the figure in- 
dicates the })lace whore the protoplasm has united round the prey to 
inclose the food vacuole. The contractile vacuole in this figure is 
supposed to be seen through a layer of granular protoplasm, whereas 
in the succeeding figures (d, e, and G) it is seen in optical section, and 
therefore appears clear. 

D. An encysted Amot'ba, showing cell-wall or cyst {cy), nucleus {nu), 
clear contractile vacuole, and three diatoms (see I.esson XIV,) ingested 
as food. 

E. Ama ba proicus, a living specimen, showing several large pseudo- 
pods {psd), single nucleus (a?//), and contractile vacuole {c. vac), and 
numerous food-particles embedded in the granular endosarc { x 330). 

K. Nucleus of the same after staining, showing a ground substance 
or nuclear sap, containing deeply-stained granules of chromatin, and 
‘i^irrounded by a distinct membrane ( x 1010). 

G. A/uaba verrucosa, living b})ecimcn, showing wrinkled surface, 
nucleus {utt), large contractile vacuole (r. vac)^ and several ingested 
organisms ( x 330). 

ll. Nucleus of the same, stained, showing the chromatin aggregated 
in the centre to fin'm a nucleolus ( x 1010). 

I. Aina'ba protcus, in the act of multiplying by binary fission 
( X 500). 

(a, li, E, F, G, and H after Gruber ; c and l after Leidy ; D after 
Howes. ) 

shai)eless blob of jelly, nearly or quite colourless. The 
central part of it (Fig. i, a, c, and k) is granular and semi- 
transparent — something like ground glass — while surround- 
ing this inner mass is a border of perfectly transparent and 
colourless substance. So clear, indeed, is this outer layer 
that it is easily overlooked by the beginner, who is apt to' take 
the granular internal substance for the whole Amoeba. If 
in any way the creature can be made to turn over, or if a 
number of specimens are examined in various positions, 
these two constituents will always be found to have the 

^ A number preceded by, the sign of multiplication indicates the. 
number of diameters to which the object is magnified. 

B 2. 
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same relations, whence we conclude that an Amoeba con- 
sists of a granular substance the endosarc^ completely 
surrounded by a clear transparent layer or ectosarc. 

One very noticeable thing about Amceba is that it ^ never 
of quite the same shape for long together. Often the 
changes of form are so slow as to be almost imperceptible, 
like the movements of the hour-hand of a watch, but by 
examining it at successive intervals the alteration becomes 
perfectly obvious, and at the end of half an hour it will 
probably have altered so much as to be hardly like the 
same thing. 

In an active specimen the way in which the changes of 
form are brought about is easily seen. At a particular 
point the ectosarc is pushed out in the form of a small 
pimple-like elevation (Fig. i, a, left side) : tliis increases in 
size, still consisting of ectosarc only, until at last granules 
from the endosarc stream into it, and the ])rojection or 
pseudopod (a, c, e, psd) comes to have the same structure 
as the rest of the Amoeba. It must not be forgotten that 
the animal does not alter perceptibly in volume during 
the process, every pseudopod thus protruded from one part 
of the body necessitating the withdrawal of an equal volume 
for some other part. 

This peculiar mode of movement may be illustrated by 
taking an irregular lump of clay or putty and squeezing it 
between the fingers. As it is compressed in one direction 
it will elongate in another, and the squeezing process may 
be regulated so as to cause the protrusion of comparatively 
narrow portions from the solid lump, when the resemblance 
to the movements described in the preceding paragraph will 
be fairly close. Only it must be borne in mind that in 
Amoeba there is no external compression, the “ squeezing 
being done by the animalcule itself* 
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• The occurrence of these movements is alone sufficient to 
show that Amoeba is an organism* or living thing, and no 
mere mass of dead matter. 

The^jelly-like substance of which Amoeba is composed 
is called protoplasm. It is shown by chemical analysis ^ 
to consist mainly of certain substances known as profeids, 
bodies of extreme comj)lexity in chemical constitution, the 
most familiar example of which is white of egg or albumen. 
They are compounds of carbon, hydrogen, ox^^-gen, nitrogen, 
and sulphur, the five elements being combined in the 
following proportions : — 

Carbon . . from 51*5 to 54*5 percent. 

Hydrogen . „ 6*9 „ 7*3 „ „ 

Oxygen . „ 20*9 „ 23*5 „ „ 

Nitrogen . „ 15-2,, 17*0 „ „ 

Sulphur . „ 0-3 „ 2 0 „ „ 

Besides proteids, protoplasm contains small proportions 
of mineral matters, especially phosphates and sulphates of 
potassium, calcium, and magnesium. It also contains a 
considerable quantity of water which, being as essential a 
constituent of it as the proteids and the mineral salts, is 
called water of organization. 

Protoplasm is dissolved by prolonged treatment with weak 
acids or alkalies. Strong alcohol coagulates it, i.e.y causes it 
to shrink by withdrawal of water and become comparatively 
hard and opaque. Coagulation is also produced by raising 
the temperature to about 40° C. ; the reader will remember 
how the familiar proteid white of egg is coagulated and 
rendered hard and opaque by heat. 

^ Accurate analyses of the protoplasm of Amoeba have not been 
made, but the various micro-chemical tests which can be applied to it 
leave no doubt that it agrees in all essential respects with the protoplasm 
of other organisms, the composition of which is known (see p. 7)* 
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There is another important property of proteids which is 
tested by the instrumenl called a dialyser. This consists 
essentiatly of a shallow vessel, the bottom of which is made 
of bladder, or vegetable i)archment, or some other ^organic 
(animal or vegetable) membrane. If a solution of sugar or 
of salt is placed in a dialyser and the instrument floated in a 
larger vessel of distilled water, it will be found after a time 
that some of the sugar or salt has passed from the dialyser 
into the outer vessel through the membrane. On the other 
hand, if a solution of white of egg is placed in the dialyser 
no such transference to the outer vessel will take place. 

The dialyser thus allows us to divide substances into 
two classes : crystalloids — called because most of them, 
like salt and sugar, are capable of existing in the form of 
crystals — which, in the state of solution, will diffuse through 
an organic membrane ; and colloids or glue-like substances 
which will not diffuse. Protoplasm, like the proteids of 
which it is largely composed, is a colloid, that is, is non- 
diffusible. It has a slightly alkaline reaction. 

Another character of proteids is their mstability. A 
lump of salt or of sugar, a piece of wood or of chalk, may 
be preserved unaltered for any length of time, but a proteid 
if left to itself very soon begins to decompose ; it acquires 
an offensive odour, and breaks up into simpler and sim])ler 
compounds, the most important of which are water (H^,0), 
carbon dioxide or carbonic acid (COo), ammonia (NH^), 
aild sulphuretted hydrogen {¥IS)P In this -character of 
instability or readiness to decomi)ose protoplasm notoiiously 
agrees with its constituent proteids ; any dead organism will, 

^ For a more detailed account of the phenomena of panefaction see 
l.esson VIII., in which it will be seen tivit the above statement as to 
the instability of (dead) proteids requires qualification ; as a matter of 
fact they decompose only in the presence living Bacteria. 
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unless special means are taken to preserve it, undergo more 
or less speedy decomposition. * 

Many of these properties of protoplasm can hardly be 
verifiedsfcin the case of Amoeba, owing to its minute *size and 
the difficulty of isolating it from other organisms (water- 
weeds, &c.) with which it is always associated; but there 
are some tests which can be readily applied to it while 
under observation beneath the microscope. 

One of the most striking of these micro-chemical tests 
depends upon the avidity with which protoplasm takes up 
certain colouring matters. If a drop of a neutral or slightly 
alkaline solution of carmine or logwood, or of some aniline 
dye, or a weak solution of iodine, is added to the water con- 
taining Amoeba, the animalcule is killed, and at the same 
time becomes more or less deeply stained. 

* The staining is, however, not uniform. The endosarc, 
owing to the granules it contains, appears darker than the 
ectosarc, and there is usually to be seen, in the endosarc, a 
rounded spot more brightly stained than the rest. This 
structure, which can sometimes be seen in the living Amoeba 
(Fig. I, c, E, and G, ;///), while frequently its presence is 
revealed only by staining (com}), a and b), is called the 
nucleus. 

But when viewed under a sufficiently high power, the 
nucleus itself is seen to be unequally stained. It has lately 
been shown, in many Amoebae, to be a globular body, en- 
closed in a very delicate membrane, and made up of two 
constituents, one of which is dee})ly stained by colouring 
matters, and is hence called chromatin.^ while the other, the 
nuclear sap or achromaiin^ takes a lighter tint (Fig. i, f). 
The relative arrangement of chromatin and sap varies 
in different Amoebae :* sometimes there are granules of 
chromatin in an achropiatic ground substance (f); some- 
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times the chromatin is collected towards the surface or 
periphery of the nucleus; sometimes, again, it becomes 
aggregated in the centre (g, h). In the latter case the 
nucleus is seen to have a deeply-stained centraPportion, 
which is then distinguished as the nucleolus. 

When it is said that Amcebse sometimes have one kind of 
nucleus and sometimes another, it must not be inferred that 
the same animalcule varies in this respect. What is meant 
is that there are found both in fresh and salt water many 
kinds or species of Amoeba which are distinguished from one 
another, amongst other things, by the character of their 
^'nuclei, just as the various species of Fells — the cat, lion, 
tiger, lynx, &c. — are distinguished from one another, amongst 
other things, by the colour and markings of their fur. 
According to the method of bino^nial nomenclature intro- 
duced into biology by Linnaeus, the same generic name 
is applied to all such closely allied species, while each is 
specially distinguished by a second or specific name of its 
own. Thus under ihe genus Amoeba are included Amoeba 
proteus (Fig. i, c, E, and f), with long lobed pscudopods and 
a nucleus containing evenly-disposed granules of chromatin; 
A guarta (a and li), with short pseudopods and numerous 
nuclei ; A. verrucosa (o and h) with crumpled or folded 
surface, no well-marked pseudopods, and a nucleus with a 
central aggregation of chromatin, or nucleolus ; and many 
others. 

Besides the nucleus, there is another structure frequently 
visible in the living Amoeba. This is a clear, rounded s]:)ace 
in the ectosarc (c, e, and G, c. vac), which periodically dis- 
appears with a sudden contraction and then slowly reappears, 
its movements reminding one of the beating of a minute 
colourless heart. It is called the contractile vacuole, and 
consists of a cavity in the ectosarc containing a watery fluid 
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^ Occasionally Amocboc— or more strictly Amccba-like 
/organisms— arc met with which haYe neither nucleus^ nor 
contractile vacuole, and arc therefore placed in the separate 
genus F^ofivnoiba (Fig. 2). They may be looked ui)on as 
* the simplest of living things. 



Fig. 2 — Prolauhvba printiliva , A, u, the same sj3ccimen drawn at 
short intervals of time, showing changes of form. 

c— E. Three stage‘s in the process of binary fission. (After Haeckel.) 

The preceding paragraphs may be summed up by saying 
thjtt Amoeba is a mass of protoplasm produced into tempo- 
rary processes or pscudopods, divisible into ectosarc and 
cndosarc, and containing a nucleus and a contractile vacuole : 
that the nucleus consists of two substances, chromatin and 
nuclear sajt, enclosed in a distinct membrane : and that the 
contractile vacuole is a mere cavity in the protoplasm con- 
taining fluid. All these facts come under the head of 
AforJ>/io/o!^y, the division of biology which treats of form 
anirTtructure,: we must now study the Physiology of our 
animalcule— that is, consider the actions or functions it is 
capable of performing. t 

First of all, as we have already seen, it moves, the move- 
ment consisting in the slow protrusion and withdrawal of 
pseudopods. This may be expressed generally by saying 

^ Judging from the analogy of the Infusoria it seems very probable 
that such apparently non-nuclcate forms as Protamoeba contain chroma- 
tin diffused in the form of njinute granules throughout their substance 
(see end of Lesson X., p. 120), or that they are forms which have lost 
their nuclei. » 



10 


AMOEBA 


LESS. 


that Amoeba is contractile^ or that it exhibits contractility. 
i But here it must be borne in mind that contraction doesii 
Ijnot mean the same thing in biology as in physics. AVhen 
it is ^id that a red-hot bar of iron contracts or?, cooling, 
what is meant is that there is an actual reduction in 
volume, the bar becoming smaller in all dimensions. But 
when it is said that an Amrjeba contracts, what is meant is 
that it diminishes in one dimension while increasing in 
another, no perceptible alteration in volume taking place : 
each time a pseudopod is protruded an equivalent volume 
of protoplasm is withdrawn from some other part of the 
body. 

\thVe may say then that contractility is a function of tlic 
])r9ix>plasnLjQL Auiceba — that is, thaFTTis one of tlie actions 
which the protoplasm is caj)ablc of performing. 

A contraction may arise in one or other of two ways. In 
most cases the movements of an Amoeba take place without 
any obvious external cause ; they are what would be called 
in the higher animals voluntary movements— movements 
dictated by the will and not necessarily in response to any 
external stimulus. Such movements are called spontaneous 
On the other hand, movements may be in- 
duced in Amoeba by external stimuli, by a sudden shock, 
or by coming into contact with an object suitable for food : 
such movements arc the result oi^ ritahility of the proto- 
plasm, which is thus both automatic and irritable — that is, 
its contractility may be set in action either by internal or by 
external stimuli. 

Under certain circumstances an Amoeba temporarily loses 
its power of movement, draws in its pseudopods, and 
becomes a globular mass around which is formed a thick, 
shell-like coat, called the cyst car ^ cell-wall (Fig. i, d, ry). 
The composition of this is not k|;^own ; it is certainly not 
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protoplasmic, and very probably consists of some nitrogenous 
substance allied in composition to born and to the chitin 
which forms the external shell of Crustacea, insecte, &c. 
After remaining in this encysted condition for a tin!o, the 
* Anweba escapes by the rupture of its cell-wall, and resumes 
active life. 

Very often an Amceba in the course of its wanderings 
comes in contact with a still smaller organism, such as a 
diatom (see Lesson XIV., Fig. 35) or a small infusor (see 
Lessons X. — XI L). When this happens thc^TTmceba may 
be seen to extend itself round the lesser organism until the 
latter becomes sunk in its protojdasm in much the same way 
as a marble might be pressed into a lump of clay (Fig. i, 
c, a). The diatom or other organism becomes in this way 
completely enclosed in a cavity or food-vacuole (/ vac)^ 
which also contains a small (piantity of water necessarily in- 
cluded with the prey. The latter is taken in by the Amceba 
as food : so that another function performed by the animal- 
cule is th^rt^//c//_c)f^food, the first stej) in the process of 
nutrition. It is to be noted that the reception of food takes 
place in a particular way, viz. by ingestion — i.c, it is enclosed 
raw and entire in the living protoplasm. It has been noticed 
that Amceba usually ingests at its hinder end — that is, the 
end directed backwards in progression. 

Having thus ingested its prey, the Amceba continues its 
course, when, if carefully watched, the swallowed organism 
will be seen to undergo certain changes. Its protoplasm 
is slowly dissolved ; if it contains chloroD^vll- ^the green 
colouring matter of plants — this is gradually turned to brown ; 
and finally nothing is left but the ca.se or cell-wall in which 
many minute organisms, such as diatoms, are enclosed. 
Finally, the Amoeba, as if creeps slowly on, leaves this empty 
cell-wall behind, and thu^ gets rid of what it has no further 
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use for. It is thus able to ingest living organisms as food ;; 
to dissolve or digest their protoplasm ; and to^jg^st or. get 
rid of any insoluble matorials they may contain. Note 
that all this is done without either ingestive ai)erturt (mouth), 
digestive cavity (stomach), or egestive aperture (anus) ; the 
food is simply taken in by the flowing round it of protoplasm, 
digested as it lies enclosed in the ])rotoplasm, and got rid of 
by the Amoeba flowing away from it. 

It has just been said that the protoplasm of the prey is 
dissolved or digested : we must now consider more particu- 
larly what this means. 

The stomachs of the higher animals — ourselves, for 
instance — produce in their interior a fluid called gastric 
juice. When this fluid is brought into contact with albumen 
or any other proteid a remarkable change takes place. Jlie 
proteid is dissolved and at the same time rendered diffusible, 
so as to be capable, like a solution of salt or sugar, of passing 
through an organic membrane (see p. 6). I’he diffusible 
proteids thus formed by the action of gastric juice upon 
ordinary proteids are called ^t07ies the transformation is 
effected through the agency of a constituent of the gastric 
juice called J)epsin. 

There can be little doubt that the protoplasm of Amoeba 
is able to convert that of its prey into a soluble and diffusible 
form by the agency of some substance analogous to pepsin, 
and that the dissolved matters diffuse through the body of 
the Amoeba until the latter is, as it were, soaked through 
and through., with them. Under these circumstances the 
Amoeba may be compared to a sponge which is allowed to 
absorb water, the sponge itself representing the living proto- 
plasm, the water the solution of proteids which permeates it. 

i lt has been proved by experiment that proteids are the only 
, class of food which Amoeba can mskt use of : it is unable to 
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l^igest either starch or fat — two very important constituents 
of the food of the higher animals. Mineral matters must, 
liowever, be taken with the food in the form of a tweak 
watery solution, since the water in which the animcMculc 
'lives is never absolutely pure. 

The Amoeba being thus permeated, as it were, witli a 
nutrient solution, a very important jwocess takes place. The 
elements of the solution, hitherto arranged in the form of 
peptones, mineral salts, and water, become rearranged in 
such a way as to form new particles of living protoplasm, 
which are deposited among the pre-existing particles. In a I 
word, the food is assimilated or converted into the actual^ 
living substance of the Amoeba. 

One effect of this formation of new protoplasm is obvious : 
if nothing happens to counteract it, the Amceba must grow^ 
the increase in size being brought about in much the same 
way as that of a heap of stones would be by continually 
thrusting new pebbles into the interior of the hea]x This 
mode of growth— by the interposition of new particles among 
old ones — is called growth by mtussusception. and is very 
characteristic of the growth of protoplasm. It is necessary 
to distinguish it, because there is another mode of growth 
which is characteristic of minerals and occurs also in some 
organized structures. A crystal of alum, for instance, 
suspended in a strong solution of the same substance, grows ; 
but the increase is due to the deposition of successive layers 
on the surface of the original crystal, in much the same way 
as a candle might be made to grow by repeatedly dipping it 
into melted grease. This can be proved by colouring the 
crystal with logwood or some other dye before suspending 
it, when a gradually-increasing colourless layer will be 
deposited round the coldured crystal : if growth took place 
by intussusception we ^hould have a gradual weakening 
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of the tint as the crystal increased in size. This mode of 
growth — by the deposation of successive layers— is called 
growth by a^eiion.^ 

It is probable tliat the cyst of Amoeba referred' to above^ 
(p. ii) grows by accretion. Judging from the analogy of 
other organisms it would seem that, after rounding itself off, 
the surface of the sphere of ])rotoplasm undergoes a chemi- 
cal change resulting in the formation of a thin superficial 
layer of non-])rotoplasmic substance. The process is re- 
peated, new layers being continually deposited within the 
old ones until the cell-wall attains its full thickness. The 
cyst is therefore a substance sci)arated or secreted from the 
protoplasm ; it is the first instance we have met with of a 
product of secretion. 

From the fact that Amoeba rarely attains a greater dia- 
meter than I mm., it follows that something must happen to 
counteract the constant tendency to grow, which is one of 
the results of assimilation. We all know what hapt)ens in 
our own case : if we take a certain amount of exercise — 
walk ten miles or lift a series of heavy weights — we undergo 
a loss of substance manifested by a diminution in weight 
and by the sensation of hunger. Our bodies have done a 
certain amount of work, and have undergone a i)roportional 
amount of waste, just as a fire every time it blazes up 
consumes a certain weight of coal. 

Precisely the same thing happens on a small scale with 
Amceba. Every time it thrusts out or withdraws a pseudo- 
pod, every time it contracts its vacuole, it does a certain 
amount of work — moves a definite weight of protoplasm 
through a given space. And every movement, however slight, 
is accompanied by a proportional waste of substance, a cer- 
tain fraction of the protoplasm becoming oxidized, or in other 
words undergoing a process of low 4€mperature combustion. 
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% When we say that any combustible body is burnt what we 
usu.ally mean is that it has combined with oxygen, forming 
certain products of combustion due to the chemical ‘union 
of the oxygen with the substance burnt. For instance* when 
carbon is burnt the product of combustion is carbon dioxide 
or carbonic acid (C F C\> = CO ,) : when hydrogen is burnt, 
water (Ho + O == The products of the slow com- 

bustion which OLir own bodies are constantly undergoing 
are these same two bodies — carbon dioxide given off mainly 
in the air breathed out, and water given off mainly in the 
form of perspiration and urine — together with two com- 
pounds containing nitrogen, urea (CH^NoO) and uric acid 
(C^H^N^O^), both occurring mainly in the urine. In some 
animals urea and uric acid are replaced by other compounds 
such as guanin (Cr,Hr,Nr,0), but it may be taken as })roved 
that in all living things the products of combustion are 
carbon dioxide, water, and some nitrogenous substance of 
simpler constitution than proteids, and allied to the three 
just mentioned. 

With this breaking down of proteids the vital activities of 
all organisms are invariably connected. Just as useful 
mechanical work may be done by the fall of a weight from 
a given height to the level of the ground, so the work done 
by the organism is a result of its complex proteids falling, 
so to speak, to the level of simpler substances. In both 
instances potential energy or energy of position is converted 
into kinetic or actual energy. ^ 

In the particular case under consideration we have to rely 
upon analogy and not ui)on direct experiment. We may, 
however, be quite sure that the products of combustion 
or waste matters of Amoeba include carbon dioxide, water, 
and some comparatively simple (as compared with proteids) 
compound of nitrogen. , 
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These waste mntters or excretory products arc given off, 
partly from the general surface of the body, but partly, it 
would* seem, through the agency of the contractile vacuole. 
It appears that the water taken in with the food, together in 
all probability with some of that formed by oxidation of* 
the protoplasm, makes its way to the vacuole, and is ex- 
pelled by its contraction. e have here another function, 
performed by Amoeba, that of excretion^ or the getting rid 
of waste matters. 

In this connection the reader must be warned against a 
possible misunderstanding arising from the fact that the 
word excretion is often used in two senses. We often hear, 
for instance, of solid and liquid “excreta.” In Amccl)a 
the solid excreta, or more correctly fceces^ consist of such 
things as the indigestible cell-walls, starch grains, <S:c., of the 
organisms upon which it feeds ; but the rejection of tliese 
is no more a process of excretion than the spitting out of 
a cherry-stone, since they are simply parts of the food 
which have never been assimilated — never formed i)art and 
parcel of the organism. True excreta, on the other hand, 
are invariably products of the waste or decomj)osition of 
protoplasm.^ 

The statement just made that the protoplasm of Amceba 
constantly undergoes oxidation presupposes a constant sup- 
ply of oxygen, 'flie water in which the animalcule lives 
invariably contains that gas in solution : on the other hand, 
as we have seen, the protojdasm is continually forming 
carbon dioxide. Now when two gases are separated from 
one another by a porous partition, an interchange takes place 
between them, each diffusing into the space occupied by the 

^ Jn the higher animals the distinction •l:>etween excreta and faeces is 
complicated by the fact that the latter always contain true excretory 
products derived from the epithelium of tfee intestine and its glands. 
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Other. The same process of gaseous diffusion is continually 
going on between the carbon dioxide in the interior of 
Amoeba and the oxygen in the surrounding water, thfe proto- 
plasm av'ting as the porous partition. In this way the carbon 
dioxide is got rid of, and at the same time a supply of 
oxygen is obtained for further combustion. 

The taking in of oxygen might be looked upon as a kind 
of feeding process, the food being gaseous instead of solid 
or liquid, just we might speak of ‘‘feeding’’ a fire both 
with coals and with air. Moreover, as we have seen, the 
giving out of carbon dioxide is a process of excretion. It 
is, however, usual and convenient to speak of this process 
of exchange of gases as frspiration or breathing, which is 
therefore another function i)erformed by the i)rotoi)lasni of 
Amceba. 

The oxidation of jn'otoplasm in the body of an organism, 
like the combustion of wood or coal in a fire, is accompanied 
by an evolution of heat. That this occurs in Amoeba can- 
not be doubted, although it has never been proved. The 
beat thus generated is, however, constantly being lost to the 
surrounding water, so that the temperature of Amc^ba, if we 
could but measure it, would probably be found, like that of 
a frog or a fish, to be very little if at all above that of the 
medium in which it lives. 

We thus see that a very elaborate series of chemical pro- 
cesses is constantly going on in the interior of Amoeba. 
These processes are divisible into two sets : those which 
begin with the digestion of food and end with the manufac- 
ture of living protoplasm, and those which have to do with 
the destruction of protoplasm and end with excretion. 

The whole scries of processes are spoken of collectively 
as metabolwn. We have, first of all, digested food diffused 
through the protoplasm, and finally converted into fresh 
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living protoplasm : this is the process of cofistructive meta- 
holism or atiaholism. Next we have the protoplasm, gradually 
breaking down and undergoing conversion into excretory 
products : this is the process of destructive metaholism or 
katabolism. There can be little doubt that both are ])ro-'' 
cesses of extreme complexity : it seems probable that 
after the food is once dissolved there ensues the successive 
formation of numerous bodies of gradually increasing 
complexity {anabolic mesostates or anastates)^ culminating 
in protoplasm ; and that the protoplasm, when once formed, 
is decomposed into a series of substances of gradually 
diminishing coinY)lexity {katabolic mesostates or katastates\ 
the end of the series being formed by the comparatively 
simple products of excretion. The granules in the endosarc 
are probably to be looked upon as various mesostates 
imbedded in the jmHoplasm proper. 

Living protoplasm is thus the most unstable of substances ; 
it is never precisely the same thing for two consecutive 
seconds; it “decomposes but to recompose,” and recom- 
poses but to decompose ; its existence, like that of a water- 
fall or a fountain, de])cnds upon the constant flow of matter 
into it and away from it. 

I't follows from what has been said that if the income of 
an Amoeba, i.e., the total weight of substances taken in (food 
plus oxygen plus water) is greater than its expenditure or 
the total weight (jf substances given out (fleces plus excreta 
proper plus carbon dioxide) the animalcule will grow : if less 
it will dwindle away : if the tw^o are equal it will remain of 
the same weight or in a state of physiological equilibrium. 

We see then that the fundamental condition of existence ’ 
of the individual Amoeba is that it should be able to form 
new protoplasm out of the food supplied to it. But some- 
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thing more than this is necessary. Amoebae are subject to 
all . sorts of casualties ; they may be eaten by other organ- 
isms or the pool in which they live may be dried up ; Jn one 
^way or another they are constantly coming to an end. 
From which it follows that if the race of Amcebai is to be 
preserved there must be some provision by which the 
individuals composing it are enabled to produce new in- 
dividuals. In other words Amoeba must, in addition to its 
other functions, perform that of reproduction. 

An Amoeba reproduces itself in a very simple way. "J'he 
nucleus first divides into two : then the whole organism 
elongates, the two nuclei at the same time travelling away 
from one another : next a furrow appears across the middle 
of the drawn out body between the nuclei (Fig. i, i ; fig. 2, 
c,*^ '#) : the furrow deepens until finally the animalcule sepa- 
rates into two separate x\m(jebae (Fig. 2, k), which hence- 
forward lead an independent existence. 

This, the simjilest meth(»d of reproduction known, is 
called swiple or binary fission Notice how strikingly dif- 
ferent it is from the mode of multiplication with which we 
are familiar iri the higher animals. A fowl, for instance, 
multiplies by laying eggs at certain intervals, in each of 
which, under favourable circumstances, and after a definite 
lapse of time, a chick is developed ; moreover, the parent 
bird, after continuing to produce eggs for a longer or shorter 
time, dies. An Amoeba, on the other hand, simply divides 
into two Amoebse, each exactly like itself, and in doing 
so ceases to exist as a distinct individual. Instead of the 
successive production of offspring from an ultimately dying 
parent, we have the simultaneous production of offspring 
by the division of the, parent, which does not die, but 
becomes simply merged m its progeny. There can be no 
better instance of the fact* that reproduction is discontinuous 
growth. 


c 2 
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From this it seems tliat an Amoeba, unless sufferhig 
a violent death, is practically immortal, since it divides into 
two completely organised individuals, each of which begins 
life with half of the entire body of its ])arent, there being 
therefore hothing left of the latter to die. It would appear, 
however, judging from the analogy of the Infusoria (see 
Lesson X.) that such organisms as Amoeba cannot go on 
multiplying indefinitely by simjde fission, and that occasion- 
ally two individuals come into contact and undergo complete 
fusion. A conjugafio 7 i of this kind has been observed in 
Amoeba, but has been more thoroughly studied in other 
forms (see Lessons III. and X.). Whether it is a necessary 
condition of continued existence in our animalcule or not, 
it appears certain that ‘‘death has no place as a natural 
recurrent phenomenon ” in that organism. ^ 

Amceba may also be propagated artificially. If a speci- 
men is cut into pieces each fragment is cajiable of develop- 
ing into a complete animalcule provided it contains a 
portion of nuclear matter, but not otherwise. From this it 
is obvious that the nucleus exerts an influence of the utmost 
importance over the vital processes of the organism. 

If an Ainceba does happen to be killed and to escape 
being eaten it will undergo gradual decomposition, becoming 
converted into various simple substances of which carbon 
dioxide, water, and ammonia are the chief. (See p. 91.) 

In conclusion, a few facts may be mentioned as to the 
conditions of life of Amoeba— -the circumstances under 
which It will live or die, flourish or otherwise. 

In the first place, it will live only within certain limits of 
temperature. In moderately warm weather the temperature 
to which it is exposed may be taken as about 15° C. If 
gradually warmed be}ond this point the movemeu^.'s at first 
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, ^^how an increased activity, then become more and more 
sluggish, and at about 30° — 35° C. cease altogether, re- 
commencing, however, when the temperature is Idwered. 
If the heating is continued up to about 40° C. the animal- 
tule is killed by the coagulation of its protoplasm (see p. 5) ; 
it is then said to suffer heat-il^or or death stiffening pro- 
duced by heat. Similarly when it is cooled below the 
ordinary temperature the movements become slower and 
slower, and at the freezing point (0° C.) cease entirely. 
But freezing, unlike over-heating, does not kill the pro- 
toplasm, but only renders it temporarily inert ; on thawing, 
the movements recommence. We may therefore distinguish 
an optimum temperature at which the vital actions are carried 
on with the greatest activity ; maximum and mmimum tem- 
peratures above and below which respectively they cease ; 
and an ultra- maximum temi)erature at which death ensues. 
There is no definite ultra-minimum temperature known in 
the case of Amoeba. 

The quantity of water present in the ])rotoplasm — as water 
of organization (see p. 5) — is another matter of importance. 
The water in wTich Amoeba lives always contains a certain 
percentage of salts in solution, and the protoplasm is 
affected by any alteration in the density of the surrounding 
medium ; for instance, by replacing it by distilled water and 
so reducing the density, or by adding salt and so increasing 
it. The addition of common salt (sodium chloride) to the 
amount of two per cent, causes Amoeba to withdraw its 
pseudopods and undergo a certain amount of shrinkage : it 
is then said to pass into a condition of dry-rigor. Under 
these circumstances it may be restored to its normal con- 
dition by adding a^ -sufficient proportion of water to bring 
back the fluid to its original density. 

In this connection it is*interesting to notice that the dele- 
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terioiis effects of an exxess of salt arc produced only when 
the salt is added suddenly. By the very gradual addition of 
sodiimf chloride Amnebjc have been brought to live in a four 
per cent, solution, ?>., one twice as strong as would, 'if added 
suddenly, produce dry-rigor. 

From what has been said above on tbe subject of respira- 
tion (p. 17) it follows that free oxygen is necessary for the 
existence of Amoeba. Light, on the other hand, appears to 
be unnecessary, amreboid movements having been shown to 
go on actively in darkness. 



LESSON II 
h.t:matococcus 

The rain-water which collects in puddles, open gutters, 
&c., is frequently found to have a green or red colour. 
The colour is due to the presence of various organisms 
— plants or animals — one of the commonest of which is 
called H(ematococcus (or as it is sometimes called Proto- 
coccus or Sphccrella) phivialis. 

Like Amceba, Hiematococcus is so small as to require a 
high power for its examination. Magnified three or four 
hundred diameters it has the appearance (Fig. 3, a) of an 
ovoidal body, somewhat pointed at one end, and of a bright 
green colour, more or less flecked with equally bright red. 

Like Amoeba, moreover, it is in constant movement, but 
the character of the movement is very different in the two 
cases. An active Haiinatococcus is seen to swim about 
the field of the microscope in all directions and with 
considerable apparent rapidity. We say appa 7 'e 7 it rapidity 
because the rate of progression is magnified to the same 
extent as the organism itself, and what appears a racing 
speed under the microscope is actually a very slow crawl 
when divided by 300. It has been found that such 
organisms as HoematocOccus travel at the rate of one foot 
in from a quarter of an hour to an hour : or, to express 
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the fact in another and fairer way, that they travel a distance 
equal to two and a half times their own diameter in one 
second* In swimming the pointed end is always directed 



Fig. 3. — A. ffiPma/ococcus Living specimen, 

showing protoplasm with chroinatophorcs {cfir) and pyrenoids (/jr), 
cell -wall (r. 7^') connected to cell -body by protoplasmic filaments, and 
flagella [Jl.). The scale to the left applies to Figs. A— d. 

B. Resting stage of the same, showing nucleus {nn) with niickiolus 
an4 thick cell-wall {c.w) in contact with protoplasm. 

C. The same, showing division of the cell-body in the resting stage 
into four da«ghter-cells. 

D. The'i^ame, showing the development of flagella and detached cell- 
wall by thi daughter-cells before their liberation from the enclosing 
mother-cell-wall. 

E. Ilamatococcus lacusfris^^ showing nucleus (//?/), single large 
pyrenoid [pyt ), and contractile vacuole {c. vac). 

F. Diagram illustrating the movement of a flagellum : ao, its base ; 
c, c', c\ different positions assumed by its apex. (E, after Biitschli.) 
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forwards and the forward movement is accompanied by a 
rotation of the organism upon its longer axis. 

Careful watching shows- that the outline of a swfmming 
Hjematococcus does not change, so that there is evidently 
^o protrusion of pseudopods, and at first the cause of 
the movement appears rather mysterious. Sooner or later, 
however, the little creature is sure to come to rest, and there 
can then be seen projecting from the pointed end two exces- 
sively delicate colourless threads (Fig. 3, a, fl). each about 
half as long again as the animalcule itself : these are called 
flagella or sometimes ciliay In a Hoematococcus which 
has come to rest these can often be seen gently waving 
from side to side : when this slow movement is exchanged 
for a rapid one the whole organism is propelled through 
the *vater, the flagella acting like a pair of extremely fine 
and flexible fins or i)addles. Thus the movement of 
Hrematococcus is not amcc^^oid^ i.e., produced by the i)ro- 
trusion and withdrawal of pseudopods, but is ciliary^ i.e,^ 
due to the rapid vibration of cilia or flagella. 

The flagella are still more clearly seen by adding a drop 
of iodine solution to the water : this immediately kills and 
stains the organism, and the flagella are seen to take on a 
distinct yellow tint, lly this and other tests it is shown that 
Hoeniatococciis, like Amceba, consists of protoplasm, and 
that the flagella are simply filamentous processes of the 
protoplasm. 

It w’as mentioned above that in swimming the pointed end 

^ The word cilium is sometimes used as a general term fo include 
any delicate vibratile process of protoplasm : often, however, it is used 
in a restricted sense for a rhythmically vibrating thread, of which each 
cell bears a considerable number (see Fig. 8 , E, and Fig. 21) ; a flagel- 
lum is a ciliiim having a whip-lash-like movement, each cell bearing 
only a limited number — one cw two, or occasionally as many as four. 
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with the flagella goes first ; this may therefore be distfh- 
guished as the anterior extremity, the opposite or blunt 
end being posterior. So that as compared with Amoeba, 
H^ematococcus exhibits a differejitiaiiG7i of structure: an 
anterior and a posterior end can be distinguished, and ^ 
part of the protoplasm is differentiated or set apart as 
flagella. 

The green colour of the body is due to the presence of 
a special pigment called chlorophyll^ the substance to which 
the colour of leaves is due. That this is something quite 
distinct from the proto])lasm may be seen by treatment with 
alcohol, which simply kills and coagulates the protoplasm, 
but completely dissolves out the chlorophyll, producing a 
clear green solution. 'Fhc solution, although green by trans- 
mitted light, is red under a strong reflected light, an^ is 
hence fluorescent : when examined through the spectro- 
scope it has the effect of absorbing the whole of the blue 
and violet end of the spectrum as well as a part of the red. 
I'he red colour wliich occurs in so many individuals, some- 
times entirely re])lacing' the green, is due to a colouring 
matter closely allied in its ]u-operties to chlorophyll and 
called licematochrome. 

At first sight tlic chloroiihyll appears to be evenly distri- 
buted over the wliole body, but accurate examination under 
a high power shows it to be lodged in a variable number 
of irregular structures called chromatophoirs (Fig. 3, a, 
chrl)i which together form a layer immediately beneath the 
surface. Each chromatophore consists of a protoplasmic 
substance impregnated with chlorophyll. 

After solution of the chlorophyll with alcohol a nucleus 
(b, uu ,) can be made out ; like the nucleus of Amreba it is 
stained by iodine, magenta, &c. (5ther bodies which might 
easily be mistaken for nuclei are ^Iso visible in the living 
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organism. These are small ovoidal structures (a, pyr,)^ 
with clearly defined outlines occurring in varying number s 
in the chromatophores. When treated with iodifie they 
assume a deep, apparently black but really darlc blue, 
"colour. The assumjTtion of a blue colour with iodine is the 
characteristic test of the well-known substance starch, as 
can be seen by letting a few droj^s of a weak solution of 
iodine fall upon some ordinary washing starch. The bodies 
in question have been found to consist of aproteid substance 
covered with a layer of starch, and are called pyre?ioids. 
Starch itself is a definite chemical compound belonging 
to the group of carbo-hydrates, i.e., bodies containing the 
elements carbon, hydrogen, and oxygen : its formula is 

Jn Haematococcus pluvialis there is no contractile vacuole, 
but in another species, II. hicustids, this structure is pre- 
sent as a minute space near the anterior or pointed end 
(Fig. 3, E, vac). 

There is still another characteristic structure to which no 
reference has yet been made, lliis a])pears at the first view 
something like a delicate haze around the red or green body, 
but by careful focusing is seen to be really an extremely thin 
globular shell (a, c7v) composed of some colourless trans- 
parent material and sejTai-ated, by a space containing water, 
from the body, to which it is connected by very delicate 
radiating strands of protoplasm. It is perforated by two 
extremely minute apertures for the passage of the flagella. 
Obviously we may consider this shell as a cyst or cell- 
wall differing from that of an encysted Amoeba (Fig, i, d) 
in not being in close contact with the protoplasm. 

A more important difference, however, lies in its chemical 
composition. The cyst or cell-wall of Amoeba, as stated in 
the preceding lesson (p, ii) is very probably nitrogenous : 
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that of-Hsematococcus, on the other hand, is formed of a 
carbohydrate called cellulose^ allied in composition to 
starch, Sugar, and gum, and having the formula Cp, Or,. 
Many vegetable substances, such as cotton, consist of 
cellulose, and wood is a modification of the same com-' 
pound. Cellulose is stained yellow by iodine, but iodine 
and sulphuric acid together turn it blue, and a similar 
colour is produced by a solution of iodine and potassium 
iodide in zinc chloride known as Schulze’s solution. 'I'hese 
tg,^ ajf quite easily api)licd to Hasmatococcus : the proto- 
llphi stains a deep yellowish-brown, and around it is seen 
rsort of blue cloud due to the stained and partly-dissolved 
cell-wall. 

It has been stated that in stagnant water in which it has 
been cultivated for a length of time Hmmatococcus so^^ie- 
times assumes an amoeboid form. In any case, after leading 
an active existence for a longer or shorter time it comes to 
rest, loses its flagella, and throws around itself a thick cell- 
wall of cellulose (Fig. 3, u), thus becoming encysted. So 
that, as in Amtcba, there is an alternation of an active 
or motile with a stationary or resting condition. 

In the matter of nutrition the differences between Haema- 
tococcus and Amoeba are very marked and indeed funda- 
mental. As we have seen, Hrematococcus has no pseudo})ods, 
and therefore cannot take in solid food after the manner 
of Amoeba : moreover, even in its active condition it is 
usually surrounded by an imperforate cell-wall, which of 
course quite precludes the possibility of ingestion. As a 
matter of observation, also, however long it is watched it is 
never seen to feed in the ordinary sense of the word. Never- 
theless it must take in food in some way or other, or the de- 
composition of its protoplasm would^ soon bring it to an end. 
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Haematococcus lives in rain-water. This is never pure 
water, but always contains certain mineral salts in solution, 
especially nitrates, ammonia salts, and often sodium (Chloride 
or common table salt. 1’hese salts, being crystalloids, can 
and do diffuse into the water of organization of the ani- 
malcule, so that we may consider its protopiami to be con- 
stantly permeated by a very weak saline solution, the most 
important elements contained in which are oxygen, hydro- 
gen, nitrogen, ])otassiiim, sodium, calcium, sulphur, and 
phosphorus. It must be remarked, however, that the 
diffusion of these salts does not take ])lace in the same uni- 
form manner as it would through parchment or other dead 
membrane. The living protoplasm has the power of 
determining the extent to which each constituent of the 
so^/ltion shall be absorbed. 

If water containing a large quantity of Haematococcus 
is exposed to sunlight, minute bubbles are found to appear 
in it, and these bubbles, if <:ollected and properly tested, 
are found to consist largely of oxygen. Accurate chemical 
analysis has shown that this oxygen is produced by the de- 
composition of the carbon dioxide contained in solution in 
lain-water, and indeed in all water exposed to the air, the 
gas, which is always present in small quantities in the 
atmosphere, being very soluble in water. 

As the carbon dioxide is decomposed in this way, its 
oxygen being given off, it is evident that its carbon must be 
retained. As a matter of fact it is retained by the organism 
but not in the form of carbon ; in all probability a double 
decomposition takes place between the carbon dioxide ab- 
sorbed and the water of organization, the result being the 
liberation of oxygen in the form of gas and the simultaneous 
production of some extremely simjde form of carbohydrate, 
i.e. some compound of carbon, hydrogen, and oxygen, 
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with a comparatively small number of atoms to the 
molecule. 

The liext step seems to be that the carbohydrate thus 
formed* unites with the ammonia salts or the nitrates absorbed 
from the surrounding water, the result being the formation' 
of some comparatively simple nitrogenous compound, prob- 
ably belonging to the class of amides, one of the best 
known of which— -asparagin— has the formula C4HyNo03. 
Then further combinations take place, substances of greater 
and greater complexity are produced, sulphur from the ab- 
sorbM^lphates enters into combination, and i)roteids are 
forJal^r From these, finally, fresh living protoplasm 
arises. 

From the foregoing account, which only aims at giving 
the very briefest outline of a subject as yet imperfectly\in- 
derstood, it will be seen that, as in Amceba, the final result 
of the nutritive process is the manufacture of proto[)lasm, 
and that this result is attained by the formation of various 
substances of increasing complexity or anastates (see p. i8). 
But it must be noted that the steps in this process of con- 
structive metabolism are widely different in the two cases. 
In Amoeba we start with living protoplasm — that of the prey 
— which is killed and broken up into diffusible proteids, 
these being afterwards re-combined to form new molecules 
of the living prot(Ji)lasm of Amceba. So that the food of 
Amoeba is, to begin with, as complex as itself, and is first 
broken down by digestion into simpler compounds, these 
being afterwards re-combined into more complex ones. In 
Haematococcus, on the other hand, we start with extremely 
simple compounds, such as carbon dioxide, water, nitrates, 
sulphates, &c. Nothing which can be properly called diges- 
tion, a breaking uj) and dissolving of the food, takes 
place, but its various constituents are combined into sub- 
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stances of gradually increasing complexity, protoplasm, as 
before, being the final result. 

To express the matter in another way : Amoeba can only 
make protoplasm out of j^roteids alread)' formed by some 
other organism : Hsematococcus can form it out of simple 
liquid and gaseous inorganic materials. 

Speaking generally, it maybe said that these two methods 
of nutrition are resj^ectively characteristic of the two great 
groups of living things. Animals require solid food con- 
taining ready-made proteids, and cannot build uj) their ])ro- 
toplasm out of simjder compounds. Green plants, i.e., all 
the ordinary trees, shrubs, weeds, &c., take only liquid and 
gaseous food, and build up their protoplasm out of carbon 
dioxide, water, and mineral salts. The first of these methods 
of ^>hutrition is conveniently distinguished as holozoic, or 
wholly-animal, the second as holophytic^ or wholly-vcgetal. 

It is important to note that only those plants or parts of 
plants in which chloroi)hyll is present are ca])able of holo- 
phytic nutrition. Whatever may be the precise way in which 
the process is effected, it is certain that the decomposition 
of carbon dioxide which characterizes this form of nutrition 
is a function of chloro])hyll, or to si)eak more accurately, of 
chromatophores, since there is reason for thinking that 
it is the protoplasm of these bodies and not the actual green 
pigment which is the active agent in the process. 

Moreover, it must not be forgotten that the decomposition 
of carbon dioxide is carried on only during daylight, so that 
organisms in which holophytic nutrition obtains are depend- 
ent upon the sun for their very existence. While Amoeba 
derives its energy from the breaking down of the proteids 
in its food (see p. 15J, the food of Haematococcus is too 
simple to serve as a source of energy, and it is only by the 
help of sunlight that the work of constructive metabolism 
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can be carried on. This may be expressed by saying that 
Hasmatococcus, in common with other organisms contain- 
ing chlorophyll, is supplied with kinetic energy (in the form 
of light or radiant energy) directly by the sun. 

As in x^moeba, destructive metabolism is constantly going 
on, side by side with constructive. The protO[)lasin becomes 
oxidized, water, carbon dioxide, and nitrogenous waste 
matters being formed and finally got rid of. Obviously 
then, a,bsorption of oxygen must take place, or in other 
words, respiration must be one of the functions of the pro 
of H^ematococclls as of that of Amoeba. In many 
green, />., chlorophyll-containing, plants, this has been proved 
to be the case ; respiration, />., the taking in of oxygen and 
giving out of carbon dioxide, is constantly going on, but 
during daylight is obscured by the converse ])rocess-^the 
taking in of carbon dioxide for nutritive purposes and the 
giving out of the oxygen liberated by its decomposition. In 
darkness, when this latter process is in abe}mice, the 
occurrence of respiration is more readily ascertained. 

Owing to the constant decomposition, during sunlight, of 
carbon dioxide, a larger volume of oxygen than of carbon 
dioxide is evolved ; and if an analysis were made of all 
the ingesta of the organism (carbon dioxide />/us mineral 
salts p/us respiratory oxygen) they would be found to con- 
tain less oxygen than the egesta (oxygen from decomposition 
of carbon dioxide pli^s water, excreted carbon dioxide and 
nitrogenous waste) ; so that the nutritive process in Haema- 
tococcus is, as a whole, a process of deoxidation. In 
Amoeba, on the other hand, the ingesta (food p/us respi- 
ratory oxygen) contain more oxygen than the egesta (fceces 
p/us carbon dioxide, water, and nitrogenous excreta), the 
nutritive process being therefore *on the whole one of 
oxidation. This difference is, speajiing broadly, character- 
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istic of plants and animals generally; animals, as a rule, 
take in more free oxygen than they give out, while green 
plants always give out more than they take in. 

But destructive metabolism is manifested not only 'Sn the 
formation of waste products, but in that of substances, 
simpler than protojilasm, which remain an integral part of 
the organism, viz., cellulose and starch. The cell-wall is 
probably formed by the conversion of a thin superficial 
layer of protoplasm into cellulose, the cyst attaining its final 
thickness by frequent repetition of the process (see p. 14). 
The starch of the pyrenoids is apparently formed by a similar 
process of decomposition or destructive metabolism of j pro- 
toplasm, growth taking place, in both instances, by accretion 
and not by intussusception. 

\ye see then that destructive metabolism may result in the 
formation of (a) waste products and {b) plastic products, 
the former being got rid of as of no further use, while 
the latter remain an integral part of the organism. 

Let us now turn once more to the movements of Hiemato- 
coccLis, atid,, consider in some detail the manner of their 
performance. 

l^kich flagellum (h'ig. 3, is a thread of [irotoplasm of 

uniform diameter excejit at its distal or free end where it 
tapers to a point. The lashing movements arc brought 
about by the flagellum bending successively in different 
directions j for instance, if in Fig. 3 f, ahe represents it in 
the position of rest, abc' will show the form assumed when 
it is deflected to the left, and abc" when the bending is 
towards the right. In the position abc the two sides ab, ac 
are obviously equal to one another, but in the flexed 
positions it is equally obvious that the concave sides ac, be" 
are shorter than the convex sides bc% ac" ; in other words, as 
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the flagellum bends to the left side ac becomes shortened, 
as it bends to the right the side be. 

Thij^ may be otherwise expressed by saying that in bend- 
ing to the left the side ac contracts (sec p. to ), in bending 
to the right the side lh% or that the movement is performed 
by the alternate contraction of ojTposite sides of the 
flagellum. 

Thus the ciliary movement of Hsematococcus, like the 
amoeboid movement of Amreba, is a phenomenon of coji~ 
tf'nctiliiy. Imagine an Amcjeba to draw in all its pseudo- 
pods but two, and to protrude these two until they became 
mere threads ; imagine further these threads to contract 
regularly and rapidly instead of irregularly and slowly ; the 
result would be the substitution of pseudopods by flagella, 
of temporary slow-moving processes of protoplasn^^ by 
permanent rapidly-moving ones. 

To put the matter in another way : in Amoeba the 
function of contractility is performed by the whole organism ; 
in Haematococcus it is discharged by a small part only, viz., 
the flagella, the rest of the protoidasni being incapable of 
movement. We have therefore in Haematococcus a dif- 
fe?‘cntiati(m of structure accom})anied by a differetitiation of 
function or division of physiological labour. 

The expression “ division of phy.siological labour ’’ was 
invented by the great Trench physiologist, Henri Milne- 
Edwards, to exj)ress the fiict that a sort of rough corresj)ond- 
ence exists between lowly and highly organized animals 
and plants on the one hand, and lowly and highly organized 
human societies on the other. In primitive communities 
there is little or no division of labour : every man is his 
own butcher, baker, soldier, doctor, &c., there is no distinc- 
tion between “classes” and “masses,” and each individual 
is to a great extent independent of<aU the rest. Whereas in 
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complex civilized communities society is differentiated into 
politicians, soldiers, professional men, mechanics, labourers, 
and so on, each class being to a great extent dependent on 
every other. This comparison of an advanced society with 
a high organism is at least as old as /l^lsop, who gives 
expression to it in the well-known fable of “the Belly and 
Members.” 

We see the very first step towards a division of labour in 
the minute organism now under consideration. If we could 
cut off a pseudopod of Ameeba the creature would be little 
or none the worse, since every part would be capable of 
sending off similar processes, and so movement would be in 
no way hindered. But if we could amputate the flagella of 
Haimatococcus its movements would be absolutely stopped. 

Hoematococcus multiplies only in the resting condition 
(p. 28, and Fig. 3, 11) ; as in Ammba its protoplasm undergoes 
simple or binary fission, but with the peculiarity that the 
])rocess is immediately repeated, so that four dau^r^hter- cells 
are produced within the single mother-cell-wall (Fig. 3 c). 
By tlimiupture of the latter the daughter-cells are set 
free in the ordinary motile form ; sometimes they acquire 
their flagella and detached cell wall before making their 
escape (d). 

Under certain circumstances the resting form divides into 
eight instead of four daughter-cells, and these when liberated 
are found to be smaller than the ordinary motile form, and 
to have no cell-wall. Hiematococcus is therefore dimorphic^ 
occurs, in the motile condition, under two distinct 
forms : the larger or ordinary form with detached cell-wall 
is called a megazooidy the^ smaller form without a cell- wall a 
microzooid. 



LESSON III 

HETEROMITA 

When animal or vegetable matter is placed in water and 
allowed to stand at the ordinary temperature, the well known 
process called decomposition sooner or later sets u\ the 
water becoming turbid and acquiring a bad smell. A drop 
of it examined under the microscope is then found to teem 
with minute organisms. To one of these, called “the 
Springing Monad,” or in the language of zoology, Hetero- 
mita rostrafa, we must now direct our attention ; it is 
found in infusion of cod’s head which has been aUos^ed to 
stand for two or tliree months. 

Heteromita (Fig. 4, a) is considerably smaller than either 
Amoeba or Hoematococcus, being only mm. inch) 
in average length. It has a certain resemblance in general 
form to Haematococcus, being somewhat ovoidal and pointed* 
at one end. Like Hoematococcus also it has two flagella, 
but only one of these {fl. i) proceeds from its beak-like 
anterior end and is directed forwards as the creature swims ; 
the other {fl. 2) springs a short distance from the beak, and 
in the ordinary swimming position is trailed after the 
organism as in a^ and f^. Thus in Heteromita, besides an 
anterior and a posterior end, we may distinguish a ventral 
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surface which is directed downwards in the ordinary 
position, and bears the second or trailing flagellum, and an 
opposite or dorsal surface directed upwards. * 

Often instead of swimming freely in .the fluid a He'ero- 
mita is found anchored as it were to a bit of the decompos- 
ing substance by its ventral Bagelhnn as in aK Under 
these circumstances it is in constant movement, springing 
backwards and forwards by alternately coiling and uncoiling 
the attached ventral flagellum. The general character of 
the movement will be readily understood from the figure, in 
which shows the monad with coiled flagellum, A“ after it 
has sprung forward to the full extent of the flagellum. It 
is from this curious habit that the name “ springing monad ’’ 
is derived. 

d*owards the posterior end of the body is a nucleus (aa), 
and at the anterior end a contractile vacuole (r. vac). There 
is no trace of an investing membrane or cell-wall, and the 
protoplasm is colourless. Also, as is invariably the case 
with organisms devoid of chlorophyll, there is no starch. 

In j#|iSidcring the nutrition of Heteromita it is necessary, 
first of all, to take into consideration the precise nature of 
its surroundings. It lives, as already stated, in decomposing 
infusions of animal matter. Such infusions contain proteids 
in solution, in part split up by the process of decomposition 
into simpler compounds some of which are diffusible ; this 
process is due, as we shall see hereafter (Lesson VIII.), to 
the action of the minute organisms known as Bacteria, 
which arc always present in vast numbers in putrescent 
substances. 

As Heteromita contains no chlorophyll its nutrition is 
obviously not holophytic. Observation seems to show 
pretty conclusively that* it is not holozoic ; apart from the 
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(<r. mc\ anterior flagellum (/. i), and coiled ventral flagellum {^. 2) 
by which the organism is anchored ; shows the position at the 
forward limit of the spring, the ventral flagellum being fully extended. 

three stages in the longitudinal fission of the anchortjd forrr.. 
— c^. Three stages in the transverse fission of the sam^: ih 

rudiment of newly formed anterior flagellum. 

1)1 — 1 ) 3 ^ three stages in the fission of the free-swimming form \ Jl. 2\ 
rudiment of the newly-formed ventral flagella. 

free-swimming and anchored forms alx)”.t to conjugate ; E-, com- 
mencement of conjugation ; two stages in the development of 

the zygote : e\ Uic fully formed zygote: vJ*, clehisccucc of the zygote 
and emission of spores. 

id — [d, four stage ‘i in the development of the spores. 

(After DaUinger.) 

fact that it possesses neither mouth nor pseudopods, examples 
have been kept under observation for hours together by 
trained microscopists, and have never been observed to 
ingest the bacteria or other particles, dead or alive, contained 
in '’the fluid. There remains only one way in whicli 
nutrition can take place, namely, by absorption of the 
proteids and other nutrient substances in the solution, />,, 
by these substances diffusing into the water of organisation 
of the monad. AVhether the proteids are rendered diffusible 
by the process of decomposiiion alone, i,e., by the action 
of l^t^ria (see p. 91), or whether a kind of surface 
digestildn takes jilace, tlie protoplasm of Heteromita con- 
verting the proteids in immediate contact with it into pep- 
tones or allied comtiounds, is not certain. 

Thus Heteromita feeds neither by taking solid pro- 
teinaceous food into its interior (holozoic nutrition) nor by 
decomi)osing carbon dioxide and combining the carbon with 
waiter and mineral salts (holophytic nutrition), but by absorb- 
ing decomposing proteids and other nutrient substances in 
the liquid form ; this is the saprophytic mode of nutrition. 

It will be seen that the main difference between saj)rophytic 
and holozoic nutrition* is that in the former digestion, />., 
the process of rendermg food-stuffs soluble and diffusible, 
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takes place outside the body so that constructive meta- 
bolism can begin at once. 

It is* worthy of notice that while the process of feeding is 
strictly intermittent in Amoeba, which takes in food at ir- 
regular intervals, and largely intermittent in Hsematococcus, 
in which the decomposition of carbon dioxide takes place only 
during daylight, in Heteromita it is continuous, the organism 
living in a solution of putrefying proteids which it is con- 
stantly absorbing. It may be said to live immersed in an 
immense cauldron of broth which it is for ever imbibing, 
not by its mouth, for it has none, but by the whole surface 
of its body. 

Respiration and excretion probably take place in the same 
manner as in Amoeba. It has been shown that the optimum 
temperature for saprophytic monads is about i8° C.,Vthe 
ultra-maximum or thermal death-point about 6o° C. But 
it is an interesting fact that by very slowly increasing the 
temperature. Dr. Dallinger was able in the course of several 
months to accustom some of these forms — not Heteromita 
itself but closely allied genera— to live at a temperature 
exceeding 68° C. 

The ordinary method of reproduction is by simple fission, 
the process affecting not only the body but the flagella 
as well. In Fig, 4, b/ the commencement of fission is 
shown ; the anterior flagellum has undergone complete 
longitudinal division, while the split has extended only about 
ai: fcird, bf the length of the body and ventral flagellum. In 

the process has gone further, and in b‘^ tlie jirodiicts of 
division are on the point of separating. 

More frequently, however, fission instead of being longitudinal, , 
in the direction of the long axis of the monad, is transverse, i.e., at 
right angles to the long axis. This process is shown in c’— c^, and is 
seen to differ from that described in the prtceding paragraph in the cir- 
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cumstance that the anterior flagellum of the parent form is unaffected, and 
becomes without alteration the anterior flagellum of one of the daughter- 
forms — that to the right in the figures. The anterior flagellunj of the 
other product of division — that to the left — is a new structure foiyned as 
an outgrowth from the body : its commencement is shown in c\ //. i'. 

These two modes of fission — longitudinal and transverse — both occur 
in the anchored form of Heteromita, z.e., in individuals attached by 
the ventral flagellum. The free-swimming form presents a third 
variety of the process. It comes to rest, loses its regular outline (id) 
becoming almost amceboid in form and finally (D“) globular. Division 
then takes place : the flagella of the ])arent become each the anterior 
flagellum of one of the daughter-cells (compare d\ D-, and l)''), while 
their ventral flagella are formed by the splitting of a little outgiowth of 
the dividing body (d", fl. 2'). 

As in Amoeba fission is invariably preceded by division of 
the nucleus. 

But in Heteromita fission is not the only mode of repro- 
duction. Under certain circumstances a free-swimming form 
apiMroaches an anchored form, and applies itself to it in such 
a way that the posterior end.s of the two are in contact (id). 
The twowndividuals then fuse with one another as completely 
as two drops of gum on a plate unite when brought into 
contact. Fusion of the nuclei also takes place, and there is 
formed an irregular body (k^) with a single nucleus and 
with two flagella at each end. This swims about freely, and 
as it does so the last trace of distinction between the two 
monads of which it is formed is lost, and a triangular form is 
assumed (e^), the two pairs of flagella being situated at two 
of the angles. Still later the protoplasm of this triangular 
body loses all trace of nucleus, granules, &c., and becomes 
perfectly clear (e^) : then it comes to rest and loses its 
flagella, appearing as a clear, homogeneous, three-cornered 
sac with slightly convex^ sides (e'*). This body, formed by 
the conjugation of the two monads, is called a zygote^ the 
two conjugating individuals being distinguished as gametes. 
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The zygote remains quiescent for some time, and then, 
after undergoing wave -like movements of its surface, bursts 
at its three angles (e^), its contents escaping in the form of 
granules called s/my, so minute as to be barely visible even 
under the highest powers of the best modern microscopes. 
They are formed by the protoplasm of the zygote dividing 
into an immense number of separate masses, a process known 
as multiple fission. 

Carefully watched, these almost ultra-microscopic particles 
(pi) are found to grow into clear visibility and to take on a 
distinctly oval shai)e Still increasing in size they 

develop a ventral flagellum (f*^) which is at first quite 
quiescent : finally, the pointed end sends out a process which 
becomes an anterior flagellum The spore has now 

become a Heteromita resembling the parent form in ali^ but 
size. As growth proceeds a nucleus becomes apparent. 
All analogy leads us to believe that this is not a new 
structure, but that the multiple fission of the protoplasm of 
the zygote is preceded by the multiple fission of its nucleus, 
each spore having thus its own ultra-microscopic nucleus 
from the very first. 

It will be seen that this remarkable mode of multiplication 
by conjugation differs from multiplication by fission in the 
fact that it requires the co-operation of two individuals which 
undergo comifleto fusion. As wc shall see more plainly 
later on (Lessons XV. and XVI.) conjugation is the simplest 
case of sexual reproduction., differing from the sexual repro- 
duction of the higher organisms in that the tw^o conjugating 
bodies or gametes are each an entire individual, and in the 
further circumstance that the gametes resemble one another 
in form and size, so that there is no distinction of sexd but 
each takes an equal and similar share in the i)roduction of 
^ ll might perhaps be allowable to conJiider the active, free-swimming 
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the zygote. Binary fission, on the other hand, is an examp] e 
of asexual reproduction. 

Notice also another important fact. The spores* when 
first emitted from the ruptured zygote are mere granules of 
protoplasm, approaching as nearly as anything in nature to 
the mathematical definition of a point, “ without parts and 
without magnitude.” And, during its growth, a s])ore in- 
creases not only in size but also in complexity, in other 
words undergoes a progressive differentiation or development. 
This is an instance of the principle known as Von Baer’s 
law, according to w^hich ‘-development is a progress from 
the simple to the complex, from the general to the special, 
from the homogeneous to the heterogeneous.” In Heteromita, 
then, we have our first instance of develot)ment, since in 
simi)le fission there is no development, each i)roduct of 
division being, from the first, similar to the parent in all but 
size. 

Lastly, Heteromita is the first instance we have had of 
an organism with a definite life-history. It multiplies 
asexually by simjde fission, pioducing free-swimming and 
anchoBjjd forms : these conjugate in pairs forming a zygote, 
in which, by multiple fission, numerous spores are formed : 
the spores develo]) into the adult form, asexual multiplica- 
tion begins once more, and so the cycle of existence is 
eom[)leted. 

It must be borne in mind that further researches may 
reveal the occurrence of a true sexual process in Aineeba 
and Hxmatococcus. 

monad vvliich seeks and attaches itself to the anchored form as a male, 
and the passive anchored form as a female gamete (see Lesson XII.). 
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The rain-water collected in puddles by the road-side, on 
roofs, &c., is often found to have a bright green colour: 
this is sometimes due to the presence of delicate \Later 
weeds visible to the naked eye (Lessons XVL and XIX.), but 
frequently the water when held up to the light in a glass 
vessel appears uniformly green, no suspended matter being 
visible to the unaided sight. Under these circumstances 
the green colour is frequently due to the jn'esence of vast 
numbers of an organism known as Eu^^lena viri:fk. 
Although microscopic, Euglena is considerably larger than 
either Hoematococcus or Heteromita, its length varying from 
mm. to } mm. The body is spindle-shaped, wide in the 
middle and narrow at both ends (Fig. 5, a— e) : one 
extremity is blunter than the other, and from it proceeds 
a. single long flagellum (/) by the action of which the 
organism swims with great ra])idjty, the flagellum l)eing, 
as in Haematococcus, directed forwards. Besides its rapid 
swimming movements Euglena frequently performs slow 
movements of contraction and expansion, something like 
those of a short worm, the body becoming broadened out 
first at the anterior end, then in J;he middle, then at the 
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posterior end, twisting to the riglit and left, and so on (Fig. 
5, A — J)). These movements are so characteristic of the 
genus that the name is applied to them. 







V I ( L 5. —Eir -^mn virtdts. 

A — I), four views of lire living organi'-'.ni, showing the changes of fonn 
])vo(lucc(l by thjE characteristic cuglcntjid movements. 

K, enlarged, ';view, showing the nucleus (7//^), reservoir of the con- 
tactile vacuole (o va^), with adjoining pigment spot, and gullet with a 
single flagellum springing from it. 

F, enlarged view of tlie anterior end of f,, showing pigmcnt-spoi 
tpif) and reservoir (o vac)^ mouth (///), gullet {a\ s), and origin of 
flagellum [fl). 

G, resting form after binary fission, showing cyst or cell-wall {/y), 
and the nuclei (««) and reservoirs {r. vac) of the daughter-cells. 

II, active form showing contractile vacuole (r. vac)^ reservoir (r), and 
paramylum-bodies {/). 

(A— G, after Saville Kent : H, from Blitschli after Klebs.) 


The body consists of protoplasm covered with a very 
delicate skin or cuticle which is often finely striated, and 
is to be looked upon as a superficial hardening of the 
protoplasm. The green colour is due to the presence of 
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chlorophyll, which tinges all the central part of the body, 
the two ends being colourless. It is difhcult to make out 
whether the chloro])hyll is lodged in one chromatophore or 
in several. 

In Hjematococcus we saw that chlorophyll was asso- 
ciated with starch (p. 27). In Euglena there are, near the 
middle of the body, a number of grains of paramylum 
(h, /), a carbohydrate of the same comjjosition as starch 
(CgHjoOr^)» differing from it in remaining uncolourcd 
by iodine. 

Water containing Euglena gives off bubbles of oxygen in 
sunlight : as in Hnematococcus the carbon dioxide in solution 
in the water is decomposed in the presence of chlorophyll, 
it? oxygen evolved, and its carbon combined with the 
elements of water and used in nutrition. For a long ^ime 
Euglena was thought to be nourished entirely in this way, 
but there is a good deal of reason for thinking that this is 
not the case. 

When the anterior end of a Euglena is very highly 
magnified it is found to have the form shown in Fig. 5, f. 
It is produced into a blunt snout-like extremity at the base 
of which is a conical dei)ression {pe. s) leading into the soft 
internal protoplasm : — just the sort of depression one could 
make in a clay model of Euglena by thrusting one’s finger or 
the end of a pencil into the clay. From the bottom of this 
tube the flagellum arises, and by its continual movement 
gives rise to a sort of whirlpool in the neighbourhood. By 
the current thus produced mirihte. solid food-particles are 
swept down the tube and forced into the soft internal 
protoplasm, where they doubtless become digested in the 
same way as the substances ingested by an Amceba. That 
solid particles are so ingested by Euglena has been proved 
by diffusing finely powdered carmine in the water, when the 
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^coloured particles were seen to be swallowed in the way 
^described. 

The depression in question is therefore a .and its 

external aperture or margin (;//) is a mouth. Eflglena, 
like AuKeba, takes in solid food, but instead of ingesting it 
at almost any part of the body, it can do so only at one 
])articular ])oint where there is a special ingestive aperture 
or mouth. This is clearly a case of specialization or 
differentiation of structure : in virtue of the possession of a 
mouth and gullet Euglena is more highly organized than 
Amoeba. 

It thus appears that in Euglena nutrition is both holnzoic 
and holoi)hytic : very probably it is mainly holophytic during 
daylight and holozoic in darkness, 

r 

Near the centre of the body or somewhat towards the 
posterior end is a nucleus (e, mi) with a well-marked 
nucleolus, and at the anterior end is a clear space (o. 7>ai) 
looking very like a contractile vacuole. It has been shown, 
however, that this s])ace is in reality a non-contractile cavity 
or 7'eservoir (h, r) into which the true contractile vacuole 
(r. vac) opens, and which itself discharges into the gullet. 

In close relation with the reservoir is found a little bright 
red s])eck (/,g) called the pigment spot ox stigma. It con- 
sists of haematochrome (see p. 26) and is curiously like an 
eye in appearance, so much so that it is often known as the 
eye-spot. Recent experiments seem to show that it is 
specially sensitive to light and is therefore a true eye in the 
sense of a light-perceiving organ although having no actual 
visual function. 


As in Haematococcus’ a resting condition alternates with 
the motile phase : the, organism loses its flagellum and 
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surrounds itself with a cyst of cellulose (Fig. 5 , G, (y), from. 
which, after a period of rest, it emerges to resume active 
life. • 

Reproduction takes place by simple fission of the resting 
form, the plane of division being always longitudinal (g). 
Sometimes each product of division or daughter-cell divides 
again ; finally the two, or four, or sometimes even eight 
daughter-cells emerge from the cyst as active Euglenai. 
A process of multiple fission (p. 42) has also been de- 
scribid, numerous minute active spores being produced 
which gradually assume the ordinary form and size. 



LESSON V 

PUOrOMYXA AND THIC MYCK'rOZOA 

Whf.n Professor Haeckel was investigating the zoology of 
the 1^’anary Islands more than twenty years ago he discovered 
a very remarkable organism w'hich he named Protom\xa 
aunwtiaca. It was found in sea-water attached to a shell 
called Spirilla^ and was at once noticeable from the bright 
orange colour wliich suggested its si^ecific name. Appar- 
ently no one has since been fortunate enough to find it. 

In its fully develoiied stage Protomyxa is the largest of all 
the orgapi^kns we have yet studied, being fully i mm. (P. inch) 
in diameter, and therefore visible to the naked eye as a 
small orange speck. In general at)pearance (Fig. 6, a), it is 
not unlike an immense Amoeba, the chief difference lying 
in the fact that the pseudopods {psd) instead of being short, 
blunt processes, few in number (comp. Fig. i, p. 2 ) are very 
numerous, slender, branching threads which often unite with 
one another so as to form networks. No nucleus was ob- 
served^ and no contractile vacuole, but it is quite possible 
that a renewed examination might prove the presence of one 
or both of these structmvs. 

The figure (a) is enough to show that niitritio'n is holo/oic, 

1 See p. 9, note. 
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Fig. 6. — Piolomy.xa aiirantiaca. 

A, the Irving organism (plasmodium), showing fine brandicd pseudo* 
pods {p^d) and several ingested organisms. 

B, the same, encysted : cy the cell wall 

c, the protoplasm of the encysted form breaking up into .spores. 

D, dehiscence of the cyst and emergenej^ of 

E, tlagellulce which afterwards become convcrle J into 
E, .iirxebulu:. 

G, ama'bula: uniting to form a plasmo(fium (Afier IJaeckel.) 
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the specimen has ingested several minute organisms and is 
in the act of capturing another. 

But the main interest of Protornyxa lies in its very purious 
and complicated life -history. After crawling over tlie Spirula 
shell for a longer or shorter time it draws in its pseudopods, 
comes to rest, and surrounds itself with a cyst (n, cy). The 
composition of the cyst is not known, but it is apparently not 
cellulose, since it is not coloured by iodine and sulphuric 
acid (]). 28). 

Next, the encysted protoplasm undergoes multiple fission, 
dividing into a number of si)ores (c). Soon the cyst bursts 
and its contents emerge (n) as bodies which differ utterly in 
appearance from the amceboid form from which we started. 

spore has in hict become a little ovoid body of an 
orange colour, jirovidcd with a single flagellum by the 

lashing of which it swims through the water after the manner 
of a monad. 

It is convenient to have a name by which to distinguish 
these flagellate bodies, just as we have sjiccial names for 
the young of the higher animals, such as tadpoles or kittens. 
Trom the fact of their distinguishing character being the 
])ossession of a flagellum they are called //a^e/luhc : the 
same name will be applied to the flagellate young of various 
other organisms which we shall study hereafter. 

After swimming about actively for a time each flagellula 
settles down on some convenient substratum and undergoes 
a remarkable change ; its movements become sluggish, its 
outline irregular, and its flagellum short and thick, until it 
finally takes on the form of a little Ama^ba (f). For this 
stage also a name is rociuired : it is not an Amoeba but an 
amceboid phase in tli*: life-history of a totally different 
organism : it i.s called an ammhula, 

Th$ process just described may be taken as a practical 

E 2 
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proof of the statement made in a previous Lesson (p. 34) 
that a pagellum is nothing more than a delicate and rela- 
tively 5:)ermanent i)seudopod. In Protomyxa we have a 
flagellula directly converted into an ama^bula, the flagellum 
of the former becoming one of the pseudopods of the 
latter. 

The amoebuke thus formed may simply increase in size 
and send out numerous delicate pseudopods, thus becoming 
converted into the ordinary Protomyxa-form. Frequently, 
however, they attain this form by a very curious process : 
they come together in twos and threes until they are in 
actual contact with one another, when they undergo com]:)lete 
and permanent fusion (o). In this case the Protomyxa-form 
is iJioduced not by the development of a single amo^ula 
but by the conjugation or fusion of a variable number of 
amcebulce. A body formed in this way by the fusion of 
amcebulm is called a plasmodium^ so that in the life-history 
of Protomyxa we can distinguish an encysted, a ciliated or 
flagellate, an amueboid, and a plasmodial phase. 

I'lie nature of a plasmodium will be made clearer by a 
brief general consideration of the strange group of organisms 
known as Mycetozoa or sometimes “slime-fungi,” to which 
Protomyxa itself very probably belongs. The best known 
members of the group occur as gelatinous masses on the 
bark of trees, on dead leaves, on the surface of tan-pits, and 
sometimes in water. It must be remembered that Mycetozoa 
is the name not of a genus, but of a class in which are 
included several genera, such as Badhainia^ Fhysarum, &c. 
(see Fig. 7) : a general account of the class is all that is 
necessary for our present purpose.* 

The Mycetozoa consists of sheets or networks of proto- 
[)lasm which may be as much as 30 cm. (i ft.) in diameter, 
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Fig. 7. --a, part of the plaMiiodium of Bcidhamia (x 3J) ; h, n sliort 
]:)seudopotl enclosing]; a bit of musliroom stem. 

B, spore of Physanmi. 

c, the same, undergoing dehiscence. 

D, flagellula? liberated from spores of the same. 

K, amcebulm formed by metamorphosis of flagellulm. 

F, two anueludm about to fuse : v', the same after complete union, 
o, g', two stages in the f(fi-mation of a three-celled plasmoduim. 

H, a small plasmodium. 

(A, after Lister : B— H, from Sachs after CienkowskiJ 
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and throughout the substance of which are found numerous 
nuclei. In this condition they creep about over bark or 
some (Jther substance : and in doing so ingest solid food 
(Fig. 7, a). It has been i)roved that they digest protoplasm : 
and in one genus pepsin — the constituent of our own gastric 
juice by which the digestion of proteids is effected (see p. 12) 
— has been found. Theycan also digest starch which has been 
swollen by a moderate heat — as in our own bread and rice- 
])uddings— but are unable to make use of raw starch. 

After living in this free condition, like a gigantic terrestrial 
Amoeba, for a longer or shorter time, either a jxirt or the 
whole of the juotoplasm becomes encysted ' and breaks up 
into spores. "J'hcse (b) consist of a globular mass of j^roto- 
l)lasm covered with a wall of cellulose : the cysts are^-Jso 
formed of cellulose. 

By the rupture of the cell-wall of the spore (c) the proto- 
plasm is liberated as a fagellula (d) provided with a nucleus 
and a contractile vacuole, and frequently exhibiting amceboid 
as well as ciliary movements. After a time the flagellulte 
lose their cilia and i)ass into the condition of amoebulte (k), 
which finally fuse to form the plasmodium with which 
we started (k — h). In the young plasmodia (rd) the 
nuclei of the constituent amcebulae are clearly visible, and 
from them the nuclei of the fully developed plasmodia are 
probably derived. It would seem, therefore, that in the 
fusion of amcebulee to form the plasmodium of Mycetozoa the 
cell-bodies (protoplasm) alone coalesce, not the nuclei. 

There is a suggestive analogy between this ])rocess of 

^ The process of formation of the cyst or sporangium a compli- 
cated one, and will not he descril^ed h«a*e. See De Bary, Funq-i, 
Mycetozoa^ and Bacteria (Oxford, 1887), and Li.ster, Catalogue of th^ 
Afyct’fozoa (T^ondon, 1894), 
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blasmodium-formation and that of conjugation as seen in 
Vleteromita. Two Heteromitre fuse and form a zygote tlie 
])rotoplasm of which divides into spores. In Protomy.xa and 
the Mycetozoa not two but several amoebulre unite trt form 
a plasmodium wliich after a time becomes encysted and 
breaks u\) into si)orcs. So that we might look upon the 
conjugation of Heteromita as an extremely simple plasmo- 
dial phase in its life-history, or upon the formation of a 
plasmodium by Protomyxa and the Mycetozoa as a process 
of multi] )le conjugation. 

There is, ho\\ever, an im])ortant difference between the 
two cases by reason of which the analogy is flir from complete. 
In Heteromita the nuclei of the two gametes arc no longer 
visible (]). 41 J : they coalesce during conjugation, and 
the iwoduct of their union subsequently, in all probability, 
l)rcaks up to form the nuclei of the spores. In the Myce- 
tozoa neither fusion nor a])parcnt disa])pcarancc of the 
nuclei of the amoebukx^ has been observed. 



LESSON VI 

A COMPARISON OF TIIF. FOREGOING ORGANISMS WITH CER- 
TAIN CONS'I'l'llfENT TARTS OF THE HIGHER ANIMALS 
AND PLANTS 

When a droj) of the blood of a crayfish, lobster, or crab is 
examined under a high power, it is found to consist of a 
nearly colourless fluid, the plasma,, in which float a number 
of minute solid bodies, the blood-corpuscles or leucocytes. 
Each ot these (Fig. 8, a) is a colourless mass of ])roto- 
plasm, reminding one at once of an Amceba, and on 
careful watching the resemblance becomes closer still, for 
the corpuscle is seen to put out and withdraw j’)SCudoi)()ds 
(a^ — a"^) and so gradually to alter its form completely. 
Moreover the addition of iodine, logwood, or any other 
suitable colouring matter reveals the presence of a large 
nucleus (a^ me ) : so that, save for the absence of a con- 
tractile vacuole in the leucocyte, the description of Amoeba 
in Lesson I. would apply almost equally well to ii. 

The blood of a fish, a frog (b^), a. reptile, ora bird contains 
quite similar leucocytes, but in addition there are found in 
the blood of these red-blooded animals bodies called red 
corpuscles. They are flat oval discs of protoplasm (b^, e^) ’ 




8. — Ty})icnl Animal and Vegetable Cells. 

— A^j leucocyte (blood corpuscle) of a crayfish showing 

ainceMd movement:: : A’’, A**, the same, killed and stained, showing 
the rmcleus 

B‘, leucocyte of the frog, mi the nucleus ; two leucocytes 
beginning to conjugate : It'S the same after conjugation, a binucleate 
plasmodium being formed : h‘, a leucocyte undergoing binary fission : 
ir''", surface view and b‘% edge view of a red corpuscle of the same, 
the nucleus. 

C“, leucocytes of the newt ; in particles of vermilion, repre- 
sented by black dots, have Ueen ingested. 

c^, surface view and c**, edge view of a red corpuscle of man. 

columnar epithelial cells from intestine of frog : l)“, a similar 




jfi EPITHELIAL CELLS lfsx 

cell showing striated distal border from which in psevidopods are 
protruded. 

e\ ciliated epithelial cell from mouth of frog ; f/’, similar cell . 
from windpipe of dog. 

]:^renchyma cell from root of lily, showing nucleus (;;//), vacuoles 
{vac)^ and cell-wall : F% a similar cell from leaf of bean, showing 
nucleus, vacuoles, cell-wall and chromatophores {chr). 

(r, id, and Eh after Howes*, c, E^ and E^ after Klein and.Nolde 
Smith : D‘h D®, after Wiedersheim : Fh after Sachs ; F‘h after Behrens.) 

coloured by a pigment called hccmo^Iobin^ and provided 
each with a large nucleus (ini) which, when the corpuscle is 
seen from the edge (b‘‘'), jiroduces a bulging of its central part. 
These bodies may be compared to Amcchce whicli have 
drawn in their pscudopocls, assumed a flattened form, and 
become coloured with hnemoglobin. 

In the blood of mammals, such as the rabbit, dog, or man, 
similar leucocytes occur, but their red-blood corpuscles 
have the form of biconcave discs, and are devoid of nuclei. 

In many animals the leucocytes have been observed to 
ingest solid ])articles (c^), to multiply by simide fission 
and to coalesce with one another forming plasmodia p/^) 
(p- 52). 


The stomach and intestines of animals are lined with a 
sort of soft slimy skin called mucous viemhnme. If a 
bit of the surface of this membrane — in a frog or rabbit for 
instance — is snipped off and ‘‘ teased out,” ?>., torn apart 
with needles, it is found when examined under a high power 
to be made up of an immense number of microscopic 
bodies called epithelial cells, which in the living animal, lie 
close to one another in the inner layer of mucous mem- 
brane in something the same way as the blocks of a w^ood 
pavement lie on the surface of a road. An epithelial cell 
(nh D^) consists of a rod-like mas^ of protoplasm, contain- 
ing a large nucleus, and is ther^ore comparable to arb. 
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elongated Amoeba without pseudopods. In some animals 
the resemblance is still closer : the epithelial cells have been 
obsevx ed to throw out pseudopods from their free surfaces 
that is, from the only j^art where any such mov(!ment 
is possible, since they arc elsewhere in close contact with 
their fellow cells. 

The mouth of the frog and the trachea or windpipe of air- 
breathing vertebrates such as reptiles, birds, and mammals, 
are also lined with mucous membrane, but the epithelial 
cells which constitute its inner layer differ in one important 
rcs])cct from those of the stomach and intestine. If ex- 
amined quite fresh each is found to bear on its free surface, 
/.c.,’^|hc surface which bounds the cavity of the mouth or 
windjupe, a number of delicate protoplasmic threads or 
a7ia {v? — K^) which are in constant vibratory movement. In 
the ])rocess of teasing out the mucous membrane some of 
the cells are pretty sure to become detached, and arc then 
seen to swim about in the containing fluid by the action 
of their ciMa. These ciliated epithelial cells remind one 
strongly of Heteromita, except for the fact that they bear 
numerous cilia in constant rhythmical movement instead of 
two only — in this case distinguished as flagella — presenting 
an irregular lashing movement. 

Similar ciliated epithelial cells are found on the gills of 
oysters, mussels, &c., and in many other situations. 

The stem or root of an ordinary herbaceous plant, such 
as a geranium or sweet- pea,, is found when cut across to 
consist of a central mass of pith, around wlrich is a circle 
of woody substance, and around this again a soft green^h 
material called the cortex. A thin section shows the latter 
to be jiiade up of inn>umerablc polyhedral bodies called 
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parenchyma cells^ fitting closely to one another like the 
bricks in a wall. < 

A •])arcnchyma cell examined in detail (i’^) is seen to 
consist of protoplasm hollowed out internally into one or 
more cavities or vacuoles {vac) containing a clear fluid. 
These vacuoles differ from those of Amoeba, Heteromita, or 
Euglena in being non-contractile ; they are in flict mere 
cavities in the protoplasm containing a watery fluid : the 
layer of protoplasm immediately surrounding them is denser 
than the rest. Sometimes there is only one such space 
occupying the whole interior of the cell, sometimes, as in 
the example figured, there are several, separated from one 
another by delicate bands or sheets of protojilasm. The 
cell contains a large nucleus (;/;/) and is enclosed ^in a 
moderately thick cell-wall composed of cellulose. 

The above description ap])lies to the cells composing the 
deeper layers of the cortex, those nearest the woody 
layer : in the more superficial cells, as well as in the internal 
cells of a leaf, there is something else to notice. Imbedded 
in the protoplasm, just within the cell wall, are a number of 
minute ovoid bodies of a bright green colour (F“, chr). 
These are cJironiafophoi’es or chloroj)hyll cor])uscles ; they 
consist of i)rotoplasm coloured with chlorophyll which can 
be proved experimentally to have the same properties as 
the chlorophyll of Hsematococcus and Euglena. 

Such a green parenchyma cell is clearly comparable with 
an encysted Haematococcus or Euglena, the main differences 
being that in the plant cell the form is polyhedral owing to 
the pressure of neighbouring cells and that the chromato- 
phores are relatively small and numerous. Similarly a 
colourless parenchyma cell resembles an encysted Amoeba. 

The pith, the epidermis or thin skin which forms the 
outer surface of herbaceous plants, the greater part of 
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leaves and other portions of the plant may be shown to 
c5nsist of an aggregation of cells agreeing in essential 

resi)ects with the above description. * 

• 

We come therefore to a very remarkable result. The 
higher animals and plants are built up — in part at least — of 
elements which resemble in their essential features the 
minute and lowly organisms studied in previous lessons, 
d'hose elements are called by the general name of id//s : 
hence the higher organisms, whether plants or animals, are 
ffiulticellular or are to be considered as cell ag^regatc:^^ 
while in the case of such beings as Amoeba, Haematococ- 
cus, Heteromita, or Euglena, the entire organism is a 
bingV' cell, or is unicellular. 

Note further that the cells of the higher animals and 
plants, like entire unicellular organisms, may occur in cither 
the auKjeboid (Fig. 8, a, nh cS) the ciliated (k), or the 
encysted (f) condition, and that a plasmodial phase (n-) is 
sometimes produced by the union of two or more amoeboid 
cells. 

One of the most characteristic features in the unicellular 
organisms described in the preceding lessons is the con- 
stancy of the occurrence of binary fission as a mode of 
multiplication. The analogy between these organisms and 
the cells of the higher animals and plants becomes still 
closer when we find that in the latter also simple fission is 
the normal mode of multiplication, the increase in size of 
growing parts being brought about by the continual division 
of their constituent cells. 

ddie process of division in animal and vegetable cells 
is frequently accompanied by certain very characteristic and 
eompheated changes in*the nucleus to which we must now 
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direct our attention. First of all, however, it will be neces- 
sary to describe the exact microscopic structure of cells awd 
their* nuclei as far as it is known at present. 



sluAving ccll-mcmhranc (c. ;//), protoplasm or cell-body {( . />) willi 
aslrospbere (d and centrosome (/)> ‘'^nd nucleus with membrane 
(;///. ;//) and irregular network of chromatin {c/ir). 

Cell from the immature stamen of a lily, showing cell-wall ((. tc/), 
imotoplasm with two astrospheres (j), and nucleus as in A. 

both figures very highly magnified. 

(a, from a drawing by Mr. J. E. S. Moore : H, after Guignard. ) 

There seems to be a good deal of variation in the ])recise 
structure of various animal and plant cells, but the more 
recent researches show that in the cell-body or protoplasm 
(Fig. 9, l>) two constituents may be distinguished, a clear 

semi-fluid substance, traversed by a delicate sponge-work. 
Now under the microscoiic the whole cell is not seen at 
once but only an optical section of it, tliat is all the 
parts which are in focus at one time : by altering the 
focus we view the object at successive depths, each view 
being practically a slice parallel, to the lenses of the 
instrument. This being the case, protoplasm presents the 
microscopic appearance of a cltfar or slightly granular'* 
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matrix traversed by a delicate network. In the epitbe- 
?!al cells of animals the protoplasm is bounded exter 
nally by a cell-membrane (Fig. 9, '* a, c. 7?i) of e>ftreine 
tenuity, irl plants by a cell-wall (b, c. w) of cellulose : in 
amoeboid cells the ectosarc or transparent non granular 
portion of the cell consists of clear protoplasm only, the 
granular endosarc alone possessing the sponge-work. In 
the majority of full-grown ])lant cells (Fig. 8, f) and in 
some animal cells the protoplasm is more or less exten- 
sively vacuolated, but in the yonng growing ])arts as well 
as in the ordinary cells of animals the foregoing description 
holds good. It i.^ quite i)ossible that the reticular character 
of the protoplaSTKi may be merely the optical expression of 
an Extensive but 'fininute vacuolation, or may be due to the 
})resence of innumetable minute granules developed in the 
])rotoplasm as prod^ts of metabolism. 

The nucleus is usually spherical in form : it is enclosed 
in a delicate nuclear mef/ibrane {n.m) and contains, as in 
Amoeba (p. 7) two constituents, the iiiiclear sap and the 
chromafi/i which exhibit far more striking differences than 
the two constituents of the cell-body. The nuclear saj) 
is a homogeneous semi-fluid substance which forms the 
ground-work of the nucleus ; it resembles the clear cell- 
protoplasm in its general characters, amongst other things 
in being unaffected by dyes. The chromatin {c/ir) takes the 
form of a network or sponge-work of very variable form, 
and is distinguished from all other constituents of the cell 
by its strong affinity for aniline and other dyes. Frequently 
one or more minute globular structures, the nucleoli (b, ////), 
occur in the nucleus cither connected with the network or 
lying freely in its messes : they also have a strong affinity 
for dyes although they often differ considerably from the 
chromatin in their micfo-chemical reactions. 




FlO. 10. — Diagrams illustrating the process of iiulircct cell division 
or mitosis. 

A, the resting cell : the nucleus shows a nuclear incmbiane {fiit. ///), 
chtomatsn arranged in loojxs united into a network (the latter 
shown on the right side only), and two nucleoli {/lu') : near the nucleus 
is an astrosphere (j), containing a centrosoine [c) and surioutided by 
radiating protoplasmic filaments. 

B, The chromatin has resolved itself into distinct loops or chromo- 
somes {ckr) which have divided longitudinally : the nuclear membrane 
has begun to disappear : there arc two n«Uospheres and between them 
is seen the commencement of the nuclear Sj:)indle {s/>). 

c, The nuclear membrane has disappeared : the chromosomes are 
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arranged irregularly : the spindle has increased in size and is situated 
definitely within the nuclear area. 

• D, The chromosomes are arranged round the equator of the fiiiiy 
formed nuclear spindle. • 

E, The daughter-loops of the chromosomes are passing in opposite 
directions towards the poles of the spindle, each having a spindle-fibre 
attached to it. 

F, Later stage of the same process. 

G, The chromosomes are now arranged in two distinct groups, one at 
each pole of the spindle. 

H, The daughter-cells are partly separated by constriction and the 
chromosomes of each group are uniting to form the network of the 
daughter-nucleus. 

I, Shows the division of a plant cell by the formation of a cell-plate 
(f. pi) : the daughter nuclei are fully formed. 

(Altered from Flemming, Rabl, &c. ) 


In the body of some cells and possibly of all there is 
found a globular body, surrounded by a radiating arrange- 
ment of the protoidasm and called the astrosphere {$) : it 
lies close to the nucleus, and contains a minute granule 
known as the central partiilc or centrosome (r). In many 
cells two astrosphercs and two or more centrosomes have 
been found in each cell (b, s\ 

The precise changes which take place during the fission 
of a cell are, like the structure of the cell itself, subject 
to considerable variation. We will consider what may 
probably be taken as a typical case (Fig. lo). 

First of all, the astrosphere, with its centrosome, divides (b) 
and the products of its division gradually separate from one 
another (c), ultimately passing to opposite poles of the nucleus 
(d). At the same time the network of chromatin divides 
into a number of separate filaments called chromosomes (b, chr\ 
the number of which appears to be constant in any given 
species of animal or plant, although it may vary in different 
species from two to twenty-four. Soon after this the nuclear 
membrane and the free nucleoli disappear (b, c) and the 

F 
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nucleus is seen to contain a spindle shaped body (s/>) formed 
of excessively delicate fibres which converge at each pole 
to thft corresponding astrosphere. The precise origin of 
this nuclear spindle is uncertain : it may arise either 
from the nuclear matrix or, more probably, from the 
protoplasm of the cell : it is not affected by colouring 
matters. 

At the same time each chromosome splits along its whole 
length so as to form two parallel rods or loops in close 
contact with one another (b) : in this way the number of 
chromosomes is doubled, each one being now represented 
by a tiiouple. 

The divided chromosomes now pass to the equator of the 
spindle (d) and assume the form of more or less V-shaped 
loops, which arrange themselves in a radiating manner so as 
to present a star-like figure when the cell is viewed in the 
direction of the long axis of the spindle. Everything is now 
ready for division to which all the foregoing processes are 
preparatory. 

The two chromosomes of each couple now gradually pass 
to opposite poles of the spindle (e, f), two distinct groups 
being thus produced (g) and each chromosome of each 
group being the twin of one in the other group. Perhaps 
the fibres of the spindle are the active agents in this 
process, the chromosomes being dragged in opposite 
directions by their contraction : on the other hand it is 
possible that the movement is due to the contractility of the 
chromosomes themselves. 

After reaching the poles of the spindle the chromosomes 
of each group unite with one another to form a network (h) 
around which a nuclear membrane^ finally makes its appear- 
ance (i). In this way two nuclei are produced within a 
single cell, the chtomosomes of tli^ daughter-nuclei^ as well 
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as their attendant astrospheres, being formed by the binary 
iission of those of the mother-nucleus. 

But pari passu with the process of nuclear division, 
fission of the cell-body is also going on. This may take 
place by a simple process of constriction (h) — in much the 
same way as a lump of clay or dough would divide if a loop 
of string were tied round its middle and then tightened — or 
by the formation of what is known as a cell-plate. This 
arises as a row of granules formed from the equatorial j^art 
of the nuclear spindle (i): the granules extend until they 
form a complete equatorial plate dividing the cell-body into 
two halves : fission then takes place by the cell-plate split- 
ting into two along a plane parallel with its flat surfaces.^ 
In plants the cell-plate gives rise to a partition wall of 
cellulose which divides the two daughter-cells from one 
another. 

In some cases the dividing nucleus, instead of going 
through the complicated processes just described, divides 
by simple constriction. We have therefore to distinguish 
between direct and indirect nuclear division. To the latter 
very elaborate method the name fnitosis or karyokinesis is 
applied : direct division is then distinguished as amitotic. 

In this connection the reader will not fail to note the 
extreme complexity of structure revealed in cells and their 
nuelei by the highest powers of the microscope. When the 
constituent cells of the higher animals and plants were 
discovered, during the early years of the present century, by 
Schleiden and Schwann, they were looked upon as the Mima 
Thule of microscopic analysis. Now the demonstration of 


' It must not be forgotten that the cells, which are necessarily repre- 
sented in such diagrams as Kig. lo as planes, are really solid bodies, 
and that consequently the cell-plate represented in the figures as a line 
is actualljj^ a plane at right aii|:les to the plane of the paper. 

F 2 
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the cells themselves is an easy matter, the problem is to 
make out their ultimate constitution. What would be th« 
result* if we could get microscopes as superior to those of 
to-day as those of to-day are to the primitive instruments of 
eighty or ninety years ago, it is impossible even to conjecture. 
But of one thing we may feel confident — of the enormous 
strides which our knowledge of the constitution of living 
things is destined to make during the next half century. 

The striking general resemblance between the cells of the 
higher animals and plants and entire unicellular organisms 
has been commented on as a very remarkable fact : there is 
another equally significant circumstance to which we must 
now advert. 

All the higher animals begin life as an egg, which is either 
passed out of the body of the parent as such, as in most 
fishes, frogs, birds, &c., or undergoes the first stages of its 
development within the body of the parent, as in sharks, 
some reptiles, and nearly all mammals. 

The structure of the egg is, in essential respects, the same 
in all animals from the highest to the lowest. In a jelly-fish, 
for instance, it consists (Fig. ii, a) of a globular mass of 
protoplasm (gd), in which are deposited granules of a pro- 
teinaceous substance known as yolk-spherules. Within the 
protoplasm is a large clear nucleus the chromatin of 
which is aggregated into a central mass or nucleolus {g.m.). 
An investing membrane may or may not be present. In 
other words the egg is a cell : it is convenient, for reasons 
which will appear immediately, to speak of it as the ovum 
or egg-cell. 

The young or immature ova of^all animals present this 
structure, but in many cases certain modifications are under- 
gone before the egg is mature, capable of development 
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into a new individual. For instance, the protoplasm may 
^irow out pseudopods, the egg becoming amoeboid (see 
Fig. 52) ; or the surface of the protoplasm may secrete a thick 
cell-wall (see Ph’g. 61). The most extraordinary modification 
takes place in some Vertebrata, such as birds. In a hen’s 
egg, for instance, the yolk-spherules increase immensely, 
swelling out the microscopic ovum until it becomes what we 
know” as the ‘‘ yolk ” of the egg : around this layers of 
albumen or “white” are deposited, and finally the shell 
membrane and the shell. Hence we have to distinguish 
carefully in eggs of this character between the entire “egg” 
in the ordinary acceptation of the term, and the ovum or 
egg-celL 

But complexities of this sort do not alter the fundamental 



Fio. II. — A, ovum of an animal {Carmarina /lastaia, one of ibe 
jelly fishes), showing protoplasm {g(f), nucleus and nucleolus 

B, ovum of a plant {^Gymnadcuia a>fw/>s'fa^ one of the orchids), showing 
protoplasm (/>Aw), nucleus (;///), and nucleolus (////')• 

(A, from Balfour after Haeckel : B, after Marshall Ward.) 

fact that all the higher animals begin life as a single cell, or 
in other words that multicellular animals, however large and 
complex they may be in their adult condition, originate as 
unicellular bodies of microscopic size. 

The same is the case with all the higher plants. The 
pistil or seed-vessel of an ordinary flower contains one or 
more little ovoidal bodi<is, the so-called “ ovules ” (more ac- 
curately megasporangia (see Lesson XXXIV., and Fig. 127), 
which, when the flower withers, develop into the seeds. A 
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section of an ovule shows it to contain a large cavity, the 
embryo-sac or megaspore (see Fig. 127, d), at one end of 
which ns a microscopic cell (ozf, and Fig. 12 b), consisting as 
usual *of protoplasm {pism), nucleus {nu), and nucleolus 
{nu). This is the ovum or egg-cell of the plant : from it 
the new plant, which springs from the germinating seed, 
arises. Thus the higher plants, like the higher animals, 
are, in their earliest stages of existence, microscopic and 
unicellular. 



LESSON Vll 

SACCHAROMYCES 

Every one is familiar with the appearance of the ordinary 
brewer s yeast- the light -brown, muddy, frothing substance 
which is formed on the surface of the fermenting vats in 
breweries and is used in the manufacture of bread to make 
the dough “rise.” 

Examined under the microscope yeast is seen to consist 
of a fluid in which are susj)ended immense numbers of 
minute particles, the presence of which produces the mud- 
diness of the yeast. Each of these bodies is a unicellular 
organism, the yeasi-pla?it^ or, in botanical language. Sac- 
charomyccs cerevisite. 

Saccharomyccs consists of a globular or ellipsoidal mass 
of protoplasm (Fig. 12), about mm. in diameter, and 
surrounded with a delicate cell- wall of cellulose (c, 

In the protoplasm are one or more non-con tractile vacuoles 
(ev/r) — mere spaces filled with fluid and varying in number 
and size according to the state of nutrition of the cell. 
Granules also occur in the protoplasm, some of them being 
of a proteid material, others fat globules. Under ordinary 
circumstances no nucleus is to be seen : but by the em- 
ployment of a special ^mode of staining, a small rounded 



72 


SACCIIAROMYCES 


l-KSS. 


nucleus has been shown to exist near the centre of the 
cell. 

Th^ cell-wall is so thin that it is difficult to be sure of 
its presence unless very high powers are employed. It 
can however be easily demonstrated by staining yeast with 



F 1 G. 1 2. — Saccharomyccs cerevisuc, 

A, a group of cells under a moderately high power. The scale to the 
left applies to this figure only. 

several cells more highly magnified, showing various stages of 
budding, vac, the vacuole. 

c, a single cell with two buds {bd, bd') still more highly magnified : 
f. 7u, cell- wall : vac, vacuole. 

D, cells, crushed by pressure : c. w, the ruptured cell-walls : plsm, 
the squeezed out protoplasm. 

E, e', starved cells, showing large vacuoles and fat globules (/). 

F, f', formation of s})ores by fission of the protoplasm of a starved 
cell : in F the spores are still enclosed in the mother-ccll-wall, in f' 
they are free. 

magenta, and then applying pressure to the cover-glass so as 
to crush the cells. Under this treatment the cell-walls are 
burst and appear as cr|impleij'';^acs, split in various ways and 
unstained by the magenta (D^ c,w\ while the squeezed-out 
protoplasm is seen in the form of irregular masses {plsm) 
stained pink by the dye. 
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The mode of multiplication of Saccharomyces is readily 
made out in actively fermenting yeast, and is seen to differ 
from anything we have met with hitherto. A small pimple- 
like elevation (c, bd) appears on the surface of a cell* and 
gradually increases in size : examined under a high power 
this hud is found to consist of an offshoot of the protoplasm 
of the parent cell covered with a very thin layer of cellulose : 
it is formed by the protoplasm growing out into an offshoot 
— like a small pseudopod — which pushes the cell-wall before 
it. While this is going on the nucleus passes to the surface 
of the cell and divides, one of the products of fission remaining 
in the mother-cell, the other in the bud. The bud increases 
in size (J)d) until it forms a little globular body touching 
the parent cell at one pole : then a process of fission takes 
place along the plain of junction, the iirotojilasm of the bud 
or daughter-cell becoming se])arated from that of the mother- 
cell and a cellulose partition being secreted between the 
two. Finally the bud becomes completely detached as a 
separate yeast-cell. 

It frequently happens that a Saccharomyces buds in 
several places and each of its daughter- cells buds again, 
before detachment of the buds takes place. In this way 
chains or groups of cells are produced (b), such cell- 
colonies consisting of two or more generations of cells, the 
central one standing in relation of parent, grandparent, or 
great-grandparent to the others. 

It must be observed that this process of budding or 
gemmation is after all only a modification of simple 
fission. In the latter the two daughter-cells are of equal size 
and are both smaller than the parent-cell, while in gemma- 
tion one— the mother-cell — is much larger than the other — 
the daughter-cell or bud— ^and is of the same size as, indeed is 
practically identical with, •the original dividing-cell. Hence 
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in budding, the parent form does not, as in simple fission, 
lose its individuality, becoming wholly merged in its twin 
offspring, but merely undergoes separation of a small portion 
of its* substance in the form of a bud, which by assimilation 
of nutriment gradually grows to the size of its parent, 
the latter thus retaining its individuality and continuing to 
produce fresh buds as long as it lives. 

Multiplication by budding goes on only while the Sac- 
charomyces is well supplied with food : if the supply of 
nutriment fails, a different mode of reproduction obtains. 
Yeast can be effectually starved by spreading out a thin 
layer of it on a slab of plaster-of-Paris kept moist under 
a bell-jar : under these circumstances the yeast is of course 
supplied with nothing but water. 

In a few days the yeast-cells thus circumstanced are found 
to have altered in appearance : large vacuoles appear in 
them (Fig. 12, e, e') and numerous fat-globules (/) are formed. 
The protoplasm has been undergoing destructive meta- 
bolism, and, there being nothing to supply new material, has 
diminished in quantity, and at the same time been partly 
converted into fat. Both in plants and in animals it is found 
that fatty degeneration, or the conversion of protoplasm 
into fat by destructive metabolism, is a constant phenomenon 
of starvation. 

After a time the protoplasm collects towards the centre of 
the cell and divides simultaneously into four masses arranged 
like a pyramid of four billiard balls, three at the base and 
one above (f). Each of these surrounds itself with a thick 
cellulose coat and becomes a sJ>ore, the four spores being 
sooner or later liberated by th^, ruj)ture of the mother-cell 
wall (k'). 

The spores being protected by rtieir thick cell-vvalls are 
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able to withstand starvation and drought for a long time 
when placed under favourable circumstances they develop 
into the ordinary form of Saccharomyces. So that repro- 
duction by multiple fission appears to be, in the yeast-plant, 
a last effort of the organism to withstand extinction. 

The physiology of nutrition of Saccharomyces has been 
studied with great care by several men of science and 
notably by Pasteur, and is in consequence better known than 
that of any other low organism. For this reason it will be 
advisable to consider it somewhat in detail. 

The first process in the manufacture of beer is the i)re- 
paration of a solution of malt called ‘‘sweet wort.” Malt 
is barley which has been allowed to germinate or sprout, i.e., 
the young plant is allowed to grow to a certain extent from 
the seed. During germination the starch which forms so 
large a portion of the grain of barley is partly converted into 
sugar: barley also contains soluble proteids and mineral 
salts, so that when malt is infused in hot water the sweet- 
wort formed may be looked upon as a solution of sugar, 
proteid, and salts. 

Into this wort a quantity of yeast is placed. Very soon 
the liquid begins to froth, the quantity of yeast increasing 
enormously : this means of course that the yeast-cells are 
budding actively, as can be readily made out by microscopic 
examination. If while the frothing is going on a lighted 
candle is lowered into the vat the flame will be immediately 
extinguished : if an animal were placed in the same position 
it would be suffocated. 

Chemical examination shows that the extinction of the 
candle’s flame or of the animal’s life is caused by a rapid 
evolution of carbon dioxide from the fermenting wort, the 
frothing.being due to th<* escape of the gas from the liquid. 

After a time the evolution of gas ceases, and the liquid 
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is then found to be Jio longer sweet but to have acquired 
what we know as an alcoholic or spirituous flavour. Analysis 
shows'that the sugar has nearly or quite disappeared, while 
a new substance, alcohol^ has made its appearance. The 
sweet-wort has, in fact, been converted into beer. 

Expressed in the form of a chemical equation what has 
happened is this : — 

CoHiA = 2(CAO) + 2(CO,) 

Grape sugar. Alcohol. Carbon dioxide. 

One molecule of sugar has, by the action of yeast, been 
split up into two molecules of alcohol which remain in the 
fluid, and two of carbon dioxide which are given oft' as gas. 
This is the process known as alcoholic fermentation. 

It has been shown by accurate analysis that only about 
95 per cent, of the sugar is thus converted into alcohol and 
carbon dioxide ; 4 per cent, is decomposed, with the for- 
mation of glycerine, succinic acid, and carbon dioxide, and 
I per cent, is used as nutriment by the yeast cells. 

For the accurate study of fermentation the sweet-wort of 
the brewer is unsuitable, being a fluid of complex and un- 
certain composition, and the nature of the process, as well 
as the part played in it by Saccharcmyces, becomes much 
clearer if we substitute the artificial wort invented by 
M. Pasteur, and called after him Pasteur's sohition. It is 


made of the following ingredients : — 

Water, H^O S3 7 6 per cent. 

Cane sugar, C12H22OJJ 15 00 „ „ 

Ammonium tartrate (NH4)2C4H A . I’co „ „ 
Potassium phosphate, K3PO4 . . • • 0*20 ,, „ 
Calcium phosphate, Ca3(PQ4)2 ’ 002 „ ,, 

Magnesium sulphate, MgSO^ .... 0-02 „ „ 


100*00 
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The composition of this fluid is not a matter of guess- 
work, but is the result of careful experiments, and is dete-*- 
mined by the following considerations. • 

It is obvious that if we are to study alcoholic fermentation 
sugar must be present,^ since the essence of the process is 
the formation of alcohol from sugar. 

Then nitrogen in some form as well as carbon, oxygen, 
and hydrogen must be present, since these four elements 
enter into the composition of protoplasm, and all but the 
first-named (nitrogen) into that of cellulose, and they are 
thus required in order that the yeast should live and 
multiply. The form in which nitrogen can best be assimi- 
lated was found out by experiment. We saw that in the 
manufacture of beer the yeast cells obtain their nitrogen 
largely in the form of soluble proteids : green plants obtain 
theirs largely in the simple form of nitrates. It was found 
that while proteids are, so to say, an unnecessarily complex 
food for Saccharomyces, nitrates are not complex enough, 
and an ammonia compound is necessary, ammonium tartrate 
being the most suitable. Thus while Saccharomyces can 
build up the molecule of protoplasm from less complex food- 
stuffs than are required by Amceba, it cannot make use of 
such comparatively simple compounds as suffice for ILxma- 
tococcus : moreover it a])pears to be indifferent whether its 
nitrogen is supplied to it in the form of ammonium tartrate 
or in the higher form of proteids. 

Then as to the remaining ingredients of the fluid — 
potassium and calcium phos})hate and magnesium i^lphate. 
If a quantity of yeast is burnt, precisely the same thing 
happens as when one of the higher animals or plants is 
subjected to the same process. It first chars by the libera- 

is a matter of indifference whether cane-sugar or grape-sugar 
is used. . • 
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tion of caroon, then as the heat is continued the carbon 
is completely consumed, going off by combination with the 
oxygen of the air in the form of carbon dioxide; at the 
same*time the nitrogen is given oiif mostly as nitrogen gas, 
the hydrogen by union with atmospheric oxygen as water- 
vapour, and the sulphur as sulphurous acid or sulphur 
dioxide (SO^). Finally, nothing is left but a small quantity 
of white ash which is found by analysis to contain phos- 
phoric acid, potash, lime, and magnesia; z.e.y precisely the 
ingredients of the three mineral constituents of PasteuFs solu- 
tion with the exception of sulphur, which, as already stated, 
is given off during the process of burning as sulphur dioxide* 

Thus the principle of construction of an artificial nutrient 
solution such as Pasteur’s is that it should contain all the 
elements existing in the organism it is designed to support ; 
or in other words, the substances by the combination of 
which the waste of the organism due to destructive meta- 
bolism may be made good. 

That Pasteur’s solution exactly fulfils these requirements 
may be proved by omitting one or other of the constituents 
from it, and finding out how the omission affects the well- 
being of Saccharomyces. 

If the sugar is left out the yeast cells grow and multiply, 
but with great slowness. This shows that sugar is not 
necessary to the life of the organism, but only to that active 
condition which accompanies fermentation. A glance at 
the composition of Pasteur’s solution will show that all the 
necessary elements are supplied without sugar. 

Omission of ammonium tartrate is fatal : without it the 
cells neither grow nor multiply. This, of course, is just 
what one would expect since, apart from ammonium tartrate, 
the fluid contains no nitrogen, an efement without which the 
molecules of protoplasm cannot be«built up. 
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It is somewhat curious to find that potassium and calcium 
phosphates are equally necessary; although occurring in 
such minute quantities they are absolutely essential to the 
well-being of the yeast cells, and without them the orgafilsm, 
although sujiplied with abundance of sugar and ammonium 
tartrate, will not live. This may be taken as proving that 
])hosphorus, calcium, and magnesium form an integral jiart 
of the protoplasm of Saccharomyces, although existing in 
almost infinitesimal jiroportions. 

Lastly, magnesium sulphate must not be omitted if the 
organism is to flourish ; unlike the other two mineral 
constituents it is not absolutely essential to life, but without 
it the vital processes arc sluggish. 

Thus by growing yeast in a fluid of known composition 
it can be ascertained exactly what elements and combina- 
tions of elements are necessary to life; w^hat advantageous 
though not absolutely essential, and what unnecessary. 

The precise effect of the growth and multiplication of 
yeast upon a saccharine fluid, or in other words the nature 
of alcoholic fermentation, can be readily ascertained by a 
simple experiment with Pasteur’s solution. A quantity of 
the solution with a little yeast is placed in a flask the neck 
of which is fitted with a bent tube leading into a vessel of 
lime-water or solution of calcium oxide. When the usual 
disengagement of carbon dioxide (see p. 75) takes place the 
gas passes through the tube into the lime-water and causes 
an immediate preeijutation of calcium carbonate as a white 
powder which effervesces with acids. This proves the gas 
evolved during fermentation to be carbon dioxide since no 
other converts lime into carbonate. When fermentation is 
complete the presence of alcohol may be proved by dis- 
tillation : a colourless, mobile, pungent, and inflammable 
liquid being obtained* * 
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By experimenting with several flasks of this kind it can 
be proved that fermentation goes on as well in darkness as 
in light, and that it is quite independent of free oxygen. 
Indeed the process does not go on if free oxygen — />., 
oxygen in the form of dissolved gas — is present in the fluid ; 
from which it would seem that Saccharomyces must be able 
to obtain the oxygen, which like all other organisms it 
requires for its metabolic processes, from the food supplied 
to it. 

The process of fermentation goes on most actively 
between 28° and 34° C : at low temperatures it is com- 
paratively slow, and at 38° C. multiplication ceases. 

If a small portion of yeast is boiled so as to kill the 
cells, and then added to a flask of Pasteur’s solution, no 
fermentation takes place, from which it is ]:)roved that the 
decomposition of sugar is effected by the living yeast cells 
only. There seems to be no doubt that the property of 
exciting alcoholic fermentation is a function of the living 
protoplasm of Saccharomyces. The yeast-plant is therefore 
known as an organised ferment : when growing in a sac- 
charine solution it not only performs the ordinary metabolic 
processes necessary for its own existence, but induces 
decomposition of the sugar present, this decomposition 
being unaccompanied by any corresponding change in the 
yeast-plant itself. 

It is necessary to mention, in this connection, that there 
is an important group of not-living bodies which produce 
striking chemical changes in various substances without 
themselves undergoing any change : these are distinguished 
as unorganised ferments. A well-known example is pepsin., 
which is found in the gastric juice of the higher animals, 
and has the function of converting proteids into peptones 
(see p. 12) : its presence has been*proved in the Mycetozoa 



VII 


FERMENTS 


Si 

(p. 54)> probably it or some similar peptonizing or 

proteolytic effects this change in all organisms 

which have the power of digesting proteids. Another 
instance is furnished by. diastase^ which effects the con- 
version of starch into grape sugar : it is present in ger- 
minating barley (sec p. 75), and an infinitesimal quantity 
of it can convert immense quantities of starch. The ptyalin 
of our own saliva has a like action, and probably some 
similar diastatic or amylolytic ferment is present in the 
Mycetozoa which, as we saw (j). 54), are able to digest 
cooked starch. 



LESSON VIII 

BACTERIA 

It is a matter of common observation that if certain moist 
organic substances, such as meat, soup, milk, &c., are allowed 
to stand at a moderate temperature for a few days — more or 
fewer according as the weather is hot or cold — they “ go 
bad ” or putrefy ; i.e. they acquire an offensive smell, a taste 
which few are willing to ascertain by direct experiment, and 
often a greatly altered appearance. 

One of the most convenient substances for studying the 
phenomena of putrefaction is an infusion of hay, made by 
pouring hot water on a handful of hay and straining the 
resultant brown fluid through blotting i)aper. Pasteur^s 
solution may also be used, or mutton-broth well boiled 
and filtered, or indeed almost any vegetable or animal 
infusion. 

If some such fluid is placed in a glass vessel, covered with 
a sheet of glass or paper to prevent the access of dust, the 
naked-eye appearances of putrefaction will be found to 
manifest themselves with great regularity. The fluid, at first 
quite clear and limpid, becomes gradually dull and turbid. 
The opacity increases and a scum forms on the surface : 
at the same time the odour of ^putrefaction arises, and 
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especially in the case of animal infusions, quickly becomes 
very strong and disagreeable. 

'The scum after attaining a perceptible thickness breaks up 
and falls to the bottom, and after this the fluid slowly clears 
again, becoming once more quite transparent and losing its 
bad smell. If exposed to the light, patches of green appear 
in it sooner or later, due to the presence of microscopic 
organisms containing chlorophyll. The fluid has acquired, 
in fact, the characteristics of an ordinary stagnant pond, and 
is quite incapable of further putrefaction. The whole series 
of changes may occupy many months. 

Microscopic examination shows that the freshly-prepared 
fluid is free from organisms, and indeed, if properly filtered. 


i * * 


Fig. 13 --Baciet iuni tenno. A, motile stage: a, resting stage, or 
zooghva. (From Klein.) 

from particles of any sort. But the case is very different 
when a drop of infusion in which turbidity has set in is 
placed under a high power. The fluid is then seen to be 
crowded with incalculable millions of minute specks, only 
just visible under a power of 300 or 400 diameters, and all 
in active movement. These specks are Bacteria^ or as 
they are sometimes called, microbes or micro-orgattisms ; 
they belong to the particular genus and species called 
Bacterium ierj 7 W. 

Seen under the high power of an ordinary .student’s 
microscope Bacterium termo has the appearance shown in 
Fig. 13, A : it is like a minute finger-biscuit, i.e, has the form 

G 2 
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of a rod constricted in the middle. But it is only by using 
the very highest powers of the microscope that its precise 
form £fnd structure can be satisfactorily made out. It is then 
seen (Fig. 14) to consist of a little double spindle, staining 
very deeply with aniline dyes. By the employment of very 
high powers it has been shown that the protoplasm of the 
cell contains a nucleus and is covered with a membrane of 
extreme tenuity formed either of cellulose or of a proteid 
material. At each end is attached a flagellum about as lojig 
as the cell itself. 

Bacterium termo is much smaller that any organism wc 
have yet considered, so small in fact that, as it is always 
easier to deal with whole numbers than with fractions, its 

I 


Fig. 14 . — Baiteriinn tenno (x 4000), showing the terminal flagella. 
(After Dallinger.) 

size is best expressed by taking as a standard the one- 
thousandth of a millimetre, called a micromillimetre and 
expressed by the symbol /x. The entire length of the 
organism under consideration is from 1*5 to 2 /x, i,e. about 
the mm. or the inch. In other words, its entire 

length is not more than one-fourth the diameter of a yeast- 
cell or of a human blood-corpuscle. The diameter of the 
flagellum has been estimated by Dallinger to be about J /x 
or -jjTTVinr ^ smallness of which it is as difficult to form 
any clear conception as of the distances of the fixed stars. 

Some slight notion of these almost infinitely small dimen- 
sions may, however, be obtained in^the following way. Fig. 
14 shows a Bacterium termo magnified 4000 diameters, the 
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scale above the figure representing mm. magnified to the 
same amount. The height of this book is a little over 1 8 cm. , 
this multiplied by 4,000 gives 72,000 cm. = 720 metres*^ 2362 
feet. We therefore get the proportion — as 2362 feet, or 
nearly six times the height of St. PauFs, is to the height of 
the present volume, so the length of Fig. 1 i is to that of 
Bacterium termo. 


It was mentioned above that at a certain stage of putre- 
faction a scum forms on the surface of the fluid. This film 
consists of innumerable motionless Bacteria imbedded 
in a transj)arent gelatinous substance formed of a proteid 
material (Fig. 13, b). After continuing in the active con- 
dition for a time the Bacteria rise to the surface, lose their 
flagella, and throw out this gelatinous substance in which 
they lie imbedded, d'hc bacterial jelly thus formed is called 
a zooghra. 7 'hus in Bacteriam termo, as in so many of the 
organisms we have studied, fhere is an alternation of an 
active with a resting condition. 

During the earlier stages of putrefaction Bacterium termo 
is usually the only organism found in the fluid, but later on 
other .microbes make their appearance. Of these the com- 
ponest are distinguished by the generic names Micrococcus^ 
Bacillus^ Vibrio^ and Spirilluju. 

Micrococcus (Fig. 1 5) is a minute form, the cells of which 
are about 2/x mm.) in diameter. It differs from 

Bacterium in being globular instead of spndle* shaped and 
in having no motile phase. Like Bacterium it assumes the 
zooglaea condition (Fig. 15, 4): 

Bacillus is commonly found in putrescent infusions in 
which the process of decay has gone on for some days : as 
its numbers increase those of Bacterium termo diminish, 
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until Bacillus becomes the dominant form. Its cells (Fig. 
1 6) are rod-shaped and about 6/i mm.) in length in the 
commonest species. Both motionless and active forms are 
found,* the latter having a flagellum at each end. The 
zoogla^a condition is often assumed, and the rods are fre- 
quently found united end to end so as to form filaments. 

resembles Bacillus, but the rod-like cells (Fig. 17, a) 
arc wavy instead of straight. They are actively motile and 
when highly magnified arc found to be provided with a 


^ \ 4 

\ 



I *• 


Fin. 15. — Micrococcus, i, single and double (dumb-bell shaped) 

forms : 2 and 3, chain-forms : 4, a zoogla'a. 


flagellum at each end. Vibriones vary from 8/jt to 2;SfL ki 
length. 

Spirillum is at once distinguished by its spiral form, the 
cells resembling minute corkscrews (Fig. 17, n & c) and 
being provided with a flagellum at each end (c). The 
smaller species, such as S. tenue (b) are from 2 to 5 /u in 
length, but the larger forms, such as S. volutans (c) attain a 
length of from 25 to 30/1. In swimming Spirillum appears 
on a superficial examination to undulate like a worm or a 
serpent, but this is an optical illusion ; the spiral is really a 
permanent one* but during progression it rotates upon its 
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long axis, like Hcnematococcus (p. 25), and this double move- 
ment produces the appearance of undulation. 

Most Bacteria are colourless, hut three {Bader ium 

virid€, B. chlorhium^ and Bacillus virens) contain chloro]:)hyll, 
and several others form jngments of varying tints and often 
of great intensity. For instance, there are red, yellow, 
brown, blue, and violet species of Micrococcus which grow 



Fig, 16, — Bacillus subtilisy showing various stag<fs between single 
forms and long filaments {Leptothrix), 


on slices of boiled potato, hard-boiled egg, &c., forming 
brilliantly coloured iKitches; and the yellow colour often 
assumed by milk after it has been allowed to stand for a 
considerable time is due to the presence of Bacteriian 
xemthinum. 

All Bacteria multiply by simple transverse fission, the 
process taking place sometimes during the motile, sometimes 
during the resting condkion. Frequently the daughter-cells 
do not separate completely from one another but remain 
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loosely attached, forming chains. These are very common 
in sonfe species of micrococcus (see Fig. 15). 

Bacillus when undergoing fission behaves something like 
Heterbmita : the mother-cell divides transversely across the 
middle, and the two halves gradually wriggle away from one 
another, but remain connected for a time by a very fine thread 



Fig. 17. — A, Vibrio. B, Spirillum teiiue. c, Spirillum volutans. 
(From Klein.) 

of protoplasm which extends between their adjacent ends. 
This is drawm out by the gradual separation of the two cells, 
until it attains twice the length of a flagellum, when it snaps 
in the middle, thus providing each daughter-cell with a new 
flagellum. Bacillus may, how^ever, divide while in the 
resting condition and, under certain circumstances, the 
process is repeated again and again, ’and the daughter-cells, 
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remaining in contact, form a long wavy or twisted filament 
called Leptothrix (Fig. 16) the separate elements of which 
are usually only visible after staining. • 

Bacillus also multiplies by a peculiar process of spore- 
formation which may take place either in the ordinary resting 
form or in a leptothrix filament. A bright dot appears at 
one place in the protoplasm (Fig. 18) : this increases in size, 
the greater part of the protoplasm being used up in its 
formation, and finally takes on the form of a clear oval 
spore which remains for some time enclosed in the cell-wall 
of the Bacillus, by the rupture of which it is finally liberated. 
In other Bacteria spores are formed directly from the ordin- 
ary cells which become thick walled. The spores differ 
from the Bacilli in being unstained by aniline dyes. 

After a period of rest the spores, under favourable cir- 
cumstances, germinate by growing out at one end so as to 
become rod-like, and thus finally assuming the form of 
ordinary Bacilli. 

There arc other genera often included among Bacteria, tor 
the description of which the student is referred to the more 
special treatises.^ One remark must, however, be made in 
concluding the present brief account of the morphology of 
the group. There is a great deal of evidence to show that 
what have been spoken of as genera (Bacterium, Bacillus, 
Spirillum, tSje.) may merge into one another and are there- 
fore to be looked ujion as phases in the life-^history of 
various microbes rather than as true and distinct genera. 
But this is a point which cannot at present be considered 
as settled. 

The conditions of life of Bacteria are very various. Some 
live in water, such as that of stagnant ])onds, and of these 

^ See especially De Bary, Fungi, Mycctozoa, and Bacteria (Oxford, 
j 887), and Klein, Micro-orghtisms and Disease (London, 1896). 
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three species, as already stated (p. 87), contain chlorophyll. 
The nutrition of such forms must obviously be holophytic, 
and the case of Bacterium chlorinum the giving off of 
oxygen in sunlight has actually been proved. 

But this mode of nutrition is rare among the Bacteria : 
nearly all of those to which reference has been made are 



saprophytes, that is, live upon decomposing animal and 
vegetable matters. They are, in fact, nourished in precisely 
the same way as Heteromita (see p. 37). Many of these 
forms, such as Bacterium termo and species of Bacillus, 
Vibrio, &c., will, how^ever, flourish in Pasteur’s solution, in 
which they obtain their nitrogen in 4 he form of ammonium 
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tartrate instead of decomposing proteid. It has also been 
shown that some Bacteria can go further and make use of 
nitrates as a source of nitrogen, and of a carbonate or* even 
of carbon dioxide as a source of carbon : in other words, 
they are able to live upon purely inorganic matter in spite 
of the fact that they contain no chlorophyll. Some species 
may even multijily to a considerable extent in distilled water. 

But pari passu with their ordinary nutritive processes, 
many Bacteria exert an action on the fluids on which 
they live comparably to that exerted on a saccharine 
solution by the yeast-plant. Such microbes arc, m fact, 
organized ferments. 

Every one is flimiliar with the turning sour of milk. This 
change is due to the conversion of the milk-sugar into 
lactic acid. 

Sugar. 1 -actic Acid. 

The transformation is brought about by the agency of 
Bacteriu77i lactis, a microbe closely resembling B. termo. 

Beer and wine are two other fluids which frequently turn 
sour, there being in this case a conversion of alcohol into 
acetic acid, represented by the equation — 

QH^O -f- O, = H,0 -i- 

Alcohol. Oxygen. Water. Acetic Acid. 

The ferment in this instance is Bacterium acefi, often 
called Mycoderma aceti, or the “vinegar plant.” It will 
be noticed that in this case oxygen enters into the reaction : 
it is a case of fermentation by oxidation. 

Putrefaction itself is another instance of fermentation 
induced by a microbe. Bacterium termo — the putrefactive 
ferment — causes the decomposition of proteids into simpler 
compounds, amongst which arc such gases as ammonia 
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(NHj), sulphuretted hydrogen (HoS), and ammonium 
sulphide ( (N 114)28), the evolution of which produces the 
characteristic odour of putrefaction. 

TRe filial stage in putrefaction is the formation of nitrates 
and nitrites. The process is a double one, both stages 
being due to si)ecial forms of Bacteria. In the first place, 
by the agency of the nitrons ferment^ ammonia is converted 
into nitrous acid — 

NH3 + 30 = H^O + HNO2 

Ammonia. Oxygen. Water. Nitrous Acid. 

The 7 iitiic ferment then comes into action, converting the 
nitrous into nitric acid — 

NHO2 + O = HNO3 
Nitrous Acid. Oxygen. Nitric Acid. 

This process is one of vast importance, since by its agency 
the soil is constantly receiving fresh supplies of nitric acid 
which is one of the most important substances used as 
food by plants. 

Besides holophytes and saprophytes there are included 
among Bacteria many parasites^ that is, species which feed 
not on decomposing but on living organisms. Many of the 
most deadly infectious diseases, such as tuberculosis, diph- 
theria, typhoid fever, and cholera, are due to the presence 
in the tissues or fluids of the body of particular species of 
microbes, which feed upon the parts affected and give rise 
to the morbid symptoms characteristic of the disease. 

Some Bacteria, like the majority of the organisms pre- 
viously studied, require free oxygen for their existence, but 
others, like Saccharomyces during active fermentation (see 
p. 80), are quite independent of free oxygen and must there- 
fore be able to take the oxygen, without which their metabolic 
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processes could not go on, from some of the compounds 
contained in the fluid in which they live. Bacteria are for 
this reason divided into aerobic species which require free 
oxygen, and anaerobic species which do not. 

As to temperature, common observation tells us that 
Bacteria flourish only within certain limits. AVe know for 
instance that organic substances can be preserved from 
putrefaction by being kept either at the freezing-point, or at 
or near the boiling-point. One important branch of modern 
industry, the trade in frozen meat, depends upon the fact that 
the putrefactive Bacteria, like other organisms, are rendered 
inactive by freezing, and every housekeeper knows how easily 
putrefaction can be staved off by roasting or boiling. Simi- 
larly it is a matter of common observation that a moderately 
high temperature is advantageous to these organisms, the 
heat of summer or of the trojEcs being notoriously favourable 
to putrefaction. In the case of Bacterium termo, it has been 
found that the optimum temperature is from 30° to 35° C., 
but that the microbe will floui*ish between 5® and 40° C. 

Althbugh fully-formed Bacteria, like other organisms, are 
usually killed by exposure to heat several degrees below 
boiling-point, yet the spores of some species will withstand, 
at any rate for a limited time, a much higher temperature — 
even one as high as 130° C. On the other hand, putrefactive 
Bacteria retain their power of development after being 
exposed to a temperature of -in® C., although during the 
time of exposure all vital activity is of course suspended. 

Bacteria also resemble other organisms in being unable 
to carry on active life without a due supply of water : no 
perfectly dry substance ever putrefies. The preservation for 
ages of the dried bodies of animals in such countries as 
Egypt and Peru depends at least as much upon the moisture- 
less air as upon the antiseptics used in embalming. 
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For the most part Bacteria are unaffected by light, since 
they grow equally well in darkness and in ordinary daylight. 
Many of them, however, will not bear prolonged exposure to 
direA sunlight, and it has been found possible to arrest the 
putrefaction of an organic infusion hy insoiaiion, or exposure 
to the direct action of the sun’s rays. It has also been 
proved that it is the light-rays and not the heat-rays which 
are thus prejudicial to the life of micro organisms. 



LESSON IX 

BIOGENESIS AND ABIOGENESIS : HOMOGKNESTS AND HETERO- 
GENESIS 

The study of the. foregoing living things and especially of 
Bacteria, the smallest and probably the simplest of all known 
organisms, naturally leads us to the consideration of one of 
the most important problems of biology — the problem of 
the origin of life. 

In all the higher organisms we know that each individual 
arises in some way or other from a pre-existing individual : 
no one doubts that every bird now living arose by a process 
of development from an egg formed in the body of a 
pafwai bird, and that evd^y tree now growing took its origin 
ei^r from a seed or from a bud produced by a parent plant. 
But thejp have always — until quite recently, at any rate — 
been upholders of the view that the lower forms of life, 
bacteria, monads, and the like, may under certain circum- 
stances originate independently of pre-existing organisms : 
that, for instance, in a flask of hay-infusion or mutton-broth, 
boiled so as to kill any living things present in it, fresh 
forms of life may arise de novo^ may in fact be created 
then and there. 

We have therefore two theories of the origin of the lower 
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organisms, the , theory of Biogenesis, according to which each 
living thing, however simple, arises by a natural process of 
budding, fission, spore-formation, or what not, from a parent 
organism : and the theory of Abiogenesis, or as it is some- 
times called Spontaneous or Equivocal Generation, accord- 
ing to w'hich fully formed living organisms sometimes 
arise from ppt-living matter. 

In former times the occurrence of abiogenesis was uni- 
versally believed in. The expression that a piece of meat 
has “ bred maggots ” ; the opinion that parasites such as the 
gall-insects of plants or the tape-worms in the intestines of 
animals originate where they are found ; the belief still held 
in some rural districts in the occurrence of showers of frogs, 
or in the transformation of horse-hairs kept in water into 
eels ; all indicate a survival of this belief. 

Aristotle, one of the greatest men of science of antiquity, 
explicitly teaches abiogenesis. He states that some animals 
“ spring from putrid matter,’^ that certain insects ‘‘ spring 
from the dew which falls upon plants,’’ that thread-worms 
“ originate in the mud of wells and running waters,” that 
fleas “ originate in very small portions of corrupted matter,” 
and that “ bugs proceed from the moisture which collects 
on the bodies of animals, lice from the flesh of other 
creatures.” 

Little more than 200 yeajs ago one Alexander Ross, 
commenting on Sir Thomas BSfowne’s doubt as to “ whether 
mice may be bred by putrefaction,” says, “ so may he doubt 
whether in cheese and timber worms are generated \ or if 
beetles and wasps in cow’s dung ; or if butterflies, locusts, 
grasshoppers, shell-fish, snails, eels, and such like, be pro- 
created of putrefied matter, which is apt to receive the form 
of that creature to which it is by formative power disposed. 
To question this is to question reason, sense, and experience. 



IX PROBLEM LIMITED TO MICROSCOPIC FORMS 97 

If he doubts of this let him go to Egypt, and there he will 
find the fields swarming with mice, begot of the mud of 
Nylus, to the great calamity of the inhabitants/’ 

As accurate inquiries into these matters were made, the 
number of cases in which equivocal generation was sup- 
posed to occur was rapidly diminished. It was a simple 
matter — when once thought of — to prove, as Redi did in 
1638, that no maggots were ever "‘bred” in meat on which 
flies were prevented by wire screens from laying their eggs. 
Far more difficult was the task, also begun in the seventeenth 
century, of ])roving that parasites, such as tape-worms, arise 
from eggs taken in with the food ; but gradually this pro- 
position was firmlv established, so that no one of any 
scientific culture continued to believe in the abiogenetic 
origin of the more highly organized animals any more than 
in showers of frogs, or in the origin of geese from 
barnacles. 

But a new phase of the question was opened with the in- 
vention of the microscope. In 1683, Anthony van Leeuwen- 
hoek discovered Bacteria, and it was soon found that however 
carefully meat might be protected by screens, or infusions by 
being placed in well-corked or stoppered bottles, putrefaction 
always set in sooner or later, and was invariably accom- 
panied by the development of myriads of bacteria, monads, 
and other low organisms. It was not surprising, considering 
the rapidity with which these were found to make their 
appearance, that many men of science imagined them to be 
produced abiogenetically. 

Let us consider exactly what this implies. Suppose we 
have a vessel of hay-infusion, and in it a single Bacterium. 
The microbe will absorb the nutrient fluid and convert it 
into fresh protoplasm : it will divide repeatedly, and, its 
progeny repeating the process, the vess^d will soon con- 

H 
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tain millions of Bacteria instead of one. This means, of 
course, that a certain amount of fresh living protoplasm has 
been,* formed out of the constituents of the hay-infusion, 
through the agency, in the first instance, of a single living 
Bacterium. The question naturally arises. Why may not 
the formation of protoplasm take place independently of 
this insignificant speck of living matter ? 

It must not be thought that this question is in any way 
a vain or absurd one. That living protoplasm has at some 
period of the world’s history originated from not-living 
matter seems a necessary corollary of the doctrine of 
evolution, and is obviously the very essence of the doctrine 
of special creation ; and there is no a priori reason why it 
should be impossible to imitate the unknown conditions 
under which the process took place. At present, however, 
we have absolutely no data tow^ards the solution of this 
fundamental problem. 

But however insoluble may be the question as to how life 
first dawned upon our planet, the origin of living things at 
the present day is capable of investigation in the ordinary 
way of observation and experiment. The problem may be 
stated as follows : — Any putrcscible infusion — i.e. any fluid 
capable of putrefaction — will be found after a longer or 
shorter exposure to swarm with bacteria and monads : do 
these organisms, or the spores from which they first arise, 
reach the infusion from without, or are they generated within 
it? And the general lines upon which an investigation 
into the problem must be conducted are simple : given a 
vessel of any putrescible infusion ; let this be subjected to 
some process which, without rendering it incapable of siij)- 
porting life, shall kill any living things contained in it ; and 
let it then be placed under such circumstances that no living 
particles, however small, can reach it from without. If, 
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after these two conditions have been rigorously complied 
with, living organisms appear in the fluid, such organisms 
must have originated abiogenetically. *, 

To kill any microbes contained in the fluid it is usually 
quite sufficient to boil it thoroughly. As we have seen, 
protoplasm enters into heat-rigor at a temperature consider- 
ably below the boiling-point of water, so that, with an 
exception which will be referred to presently, a few minutes’ 
boiling suffices to sterilize all ordinary infusions, i.e., to kill 
any organisms they may contain. 

Then as to preventing the entrance of organisms or th^^ir 
spores from without. This may be done in various ways. 
One way is to take a flask with the neck drawn out into 
a very slender tube, to boil the fluid in it for a sufficient 
time, and then, while ebullition is going on, to close the 
end of the tube by melting the glass in the flame of a 
Eunsen-burner or spirit-lamp, tlius hermetically sealing the 
flask. 

By this method not only organisms and their spores are 
excluded from the flask but also air. But this is obviously 
unnecessary : it is evident that air may be admitted to the 
fluid with perfect imjiunity if only it can be filtered, that is, 
passed through some substance which shall retain all solid 
particles however small, and therefore of course bacteria, 
monads, and their spores. 

A perfectly efficient filter for this purpose is furnished by 
cotton-wool. A flask or test-tube is partly filled with the 
infusion : the latter is boiled, and during ebullition cotton- 
wool is pushed into the mouth of the vessel until a long and 
firm plug is formed (Fig. 19). When the source of heat is 
removed, and, by the cooling of the fluid, the steam which 
filled the uiiper part of the tube condenses, air passes in to 
supply its place, but as it does so it is filtered of even the 

H 2 
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Smallest solid particles by having to pass through the close 
meshes of the cotton-wool. 

Experiments of this sort conducted with proper care have 
been known for many years to give negative results in the 
great majority of cases : the fluids remain perfectly sterile 
for any length of time. But in certain instances, in spite of 
the most careful j^recautions, bacteria were found to appear 



Fig. 19. — A Beaker with a number of test-tubes containing putres- 
ciblc infusions and plugged with cotton-wool. (From Klein.) 


in such fluids; and for years a fierce controversy raged 
between the biogenists and the abiogenists, the latter in 
sisting that the experiments in question proved the occurrence 
of spontaneous generation, while the biogenists considered 
that all such cases were due to defective methods-- either to 
imperfect sterilization of the fluid or to imperfect exclusion 
of germ-containing atmospheric dust. 

The matter was finally set at fest, and the biogenists 
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proved to be in the right, by the im])ortant discovery that 
the spores of bacteria and monads are not killed by a tem- 
perature many degrees higher than is sufficient to dest;*oy the 
adult forms : that in fact while the fully developed organisms 
arc killed by a few minutes’ exposure to a temperature of 
70° C. the spores are frequently able to survive several 
hours’ boiling, and must be heated to 130^ — 150'' C. in 
order that their destruction may be assured. It was also, 
shown that the more thoroughly the sjiores are dried the 
more difficult they arc to kill, just as well dried peas arc 
hardly affected by an amount of boiling sufficient to reduce 
fresh ones to a pulp. 

This discovery of the high thermal death-point or ultra- 
maximum temperature of the spores of these organisms has 
necessitated certain additional precautions in experiments 
with putrescible infusions. In the first place the flask and 
the cotton-wool should both be heated in an oven to a 
temperature of 150*^ C., and thus effectually sterilized. The 
flask being filled and jiluggedwith cotton-wool is well boiled, 
and is then kept for some hours ac a temperature of 32° — 38° 
C., the optimum temperature for bacteria. The object of 
this is to allow any spores which have not been killed by 
boiling to germinate, in other words to pass into the adult 
condition in which the temperature of boiling water is fatal. 
The infusion is then boiled again, so as to destroy any such 
freshly germinated forms it may contain. The same jirocess 
is repeated once or twice, the final result being that the 
very driest and most indurated spores are induced to ger- 
minate, and are thercujion slain. It must not be forgotten 
that repeated boiling does not render the fluid incapable of 
supporting life, as may be seen by removing the cotton-wool 
plug, when it will in a short time swarm with microbes. 

Experiments conducted with these precautions all tell the 
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same tale : they prove conclusively that in properly sterilized 
piitrescible infusions, adequately protected from the entrance 
of atrgospheric germs, no micro organisms ever make their 
appeaa*ancc. So that the last argument for abiogenesis has 
been proved to be fallacious, and the doctrine of biogenesis 
shown, as conclusively as observation and experiment can 
show it, to be of universal application as far as existing 
conditions known to us are concerned. 

It is also necessary to add that the presence of microbes 
in considerable quantities in our atmosphere has been 
proved experimentally. By drawing air through tubes 
lined with a solid nutrient material Prof. Percy Frankland 
showed that the air of South Kensington contains about 
thirty-five micro-organisms in every ten litres, and by ex- 
])osing circular discs coated with the same substance he w^as 
further able to prove that in the same locality 279 micro- 
organisms fall upon one square foot of surface in one 
minute. 

There is another question intimately connected with that 
of Biogenesis, although strictly speaking quite indejicndent 
of it. It is a matter of common observation that, in both 
animals and jilants, like jiroduces like : that a cutting from 
a willow will never give rise to an oak, nor a snake emerge 
from a hen’s egg. In other words, ordinary observation 
teaches the general truth of the doctrine of Ilomogencsis. 

But there has always been a residuum of belief in the 
opposite doctrine of Heterogenesis ^ according to which the 
oifspring of a given animal or plant may be something 
utterly different from itself, a plant giving rise to an animal 
or vice versa^ a lowly to a highly organised plant or animal 
and so on. Perhaps the most extreme case in which hetero- 
genesis was once seriously believed to occur is that of 
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the ‘'barnacle-geesc.’' Buds of a particular tree growing 
near the sea were said to produce barnacles, and these 
falling into the water to develop into geese. This sounds 
absurd enough, but, within the last twenty years, two three 
men of science have described, as the result of repeated 
observations, the occurrence of quite similar cases among 
microscopic organisms. For instance, the blood-corpuscles 
of the silkworm have been said to give rise to fungi, tlic 
j^rotoplasm of tlie green weed Nitella (see Fig. 45) to 
Amoebai and Infusoria (see p. 107), Euglenx to thread- 
worms, and so on. 

It is proverbially difficult to prove a negative, and it might 
not be easy to demonstrate, what all competent naturalists 
must be firmly c.vinvinccd of, that every one of those sup- 
jiosed cases of heterogenesis is founded either upon errors 
of observation or iijion faulty inductions from correct 
observations. 

Let us take a particular case by way of example. Many 
years ago Dr. Dallinger observed among a number of Vorti- 
celljB or bell-animalcules (P’ig. .•>5) one which appeared to 
have become encysted upon its stalk. After watching it for 
some time, there was seen to emerge from the cyst a free- 
swimming ciliated Infusor called Amphikptiis, not unlike a 
long-necked Paramceciiim (Fig. 20, p. 108). Many ob- 
servers would have jiut this down as a clear case of hctcro- 
gcncsis : Dallinger simply recorded the observation and 
waited. Two years later the occurrence was explained : he 
found the same two species in a pond, and watched an 
Amphileptus seize and devour a Vorticella, and, after finish- 
ing its meal, become encysted upon the stalk of its victim. 

It is obvious that the only way in which a case of hetero- 
genesis could be proved would be by actually watching the 
transformation, and th\s no heterogenist haS ever done ; at 



104 


BIOGENESIS AND HOMOGENESIS 


LESS. 


the most, certain supposed intermediate stages between the 
extreme forms have been observed — say, between a Euglena 
and a thread- worm — and the rest of the process inferred. 
On ^e other hand, innumerable observations have been 
made on these and other organisms, the result being that 
each species investigated has been found to go through a 
definite series of changes in the course of its development, 
the ultimate result being invariably an organism resembling 
in all essential respects that which formed the starting-point 
of the observations : Euglenae always giving rise to Euglenai 
and nothing else, bacteria to Bacteria and nothing else, and 
so on. 

There are many classes which imperfect knowledge might 
class under heterogenesis, such as the origin of frogs from 
tadpoles or of jelly-fishes from polypes (Lesson XXI. Fig. 
53), but in these and many other cases the apparently 
anomalous transformations have been found to be part of 
the normal and invariable cycle of changes undergone by 
the organism in the course of its development ; the frog 
always gives rise ultimately to a frog, the jelly-fish to a jelly- 
fish. If a frog at one time produced a tadpole, at another a 
trout, at another a worm : if jelly-fishes gave rise sometimes 
to polypes, sometimes to infusoria, sometimes to cuttle- 
fishes, and all without any regular sequence — that would be 
heterogenesis. 

It is perhaps hardly necessary to caution the reader against 
the error that there is any connection between the theory of 
heterogenesis and that of organic evolution. It might be 
said — if, as naturalists tell us, dogs are descended from 
wolves and jackals and birds from reptiles, why should not, 
for instance, thread-worms spring from Euglenai or Infusoria 
from Bacteria ? To this it is sufficient to answer that the 
evolution of one form from another takes place by a series 
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of slow, orderly, progressive changes going on through a 
long series of generations (see J.esson XITI.) ; whereas 
heterogenesis presupposes the casual occurrence of sydden 
transformations in any direction — i.e.^ leading to cither less 
or a more highly organized form— and in the course of a 
> single generation. 



LESSON X 

PARAMCECIUM, STYLONYCHIA, AND OXYTRICHA 

It will have been noticed with regard to the simple uni- 
cellular organisms liitherto considered that all are not equally 
simple : that Protamoeba (Fig. 2, p. 9) and Micrococcus 
(Fig. 15, p. 86) may be considered as the lowest of all, 
and that the others arc raised above these forms in the scale 
of being in virtue of the })ossession of nucleus or contractile 
vacuole, or of flagella, or even, as in the case of Euglena 
(Fig. 5, p. 45), of a mouth or gullet. 

Thus we may speak of any of the organisms already 
studied as relatively “ high ” or “ low ’’ with regard to the 
rest : the lowest or least differentiated forms being those 
which approach most nearly to the simplest conception of a 
living thing — a mere lump of protoplasm : the highest or 
most differentiated those in w'hich the greatest complication 
of structure has been attained. It must be remembered, 
too, that this increase in structural complexity is always 
accompanied by some degree of division of physiological 
labour, or, in other words, that morphological and physio- 
logical differentiation go hand in hand. 

We have now to consider certain organisms in which this 
differentiation has gone much furtl^er ; which have, in fact, 
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acquired many of the characteristics of the liighcr animals 
and plants while remaining unicellular. T'hc study of several 
of these more or less highly differentiated though unicellular 
forms will occupy the next seven Lessons. • 

It was mentioned above that, in the earlier stages of the 
putrefaction of an organic infusion, bacteria only were 
found, and that later, monads made their appearance. Still 
later organisms much larger than monads are seen, generally 
of an ovoidal form, moving about very quickly, and seen by 
the use of a high power to be covered with innumerable fine 
cilia. "J'hese are called ciliate I?ifusoria^ in contradistinction 
to monads, which are often knowm as fla^^ellate hifusoria : 
many kinds are common in putrefying infusions, some occur 
in the intestines of the higher animals, while others are 
among the commonest inhabitants of both fresh and salt 
water. Five genera of these Infusoria will form the subjects 
of this and the four following Lessons. 

A very common ciliate infusor is the beautiful “ slipper 
animalcule,” ' Pa7'a7mvch47n, which from its comparatively 
large size and from the ease with which all essential points 
of its organization can be made out is a very convenient and 
interesting object of study. 

Compared with the majority of the organisms which have 
come under our notice it may fairly be considered as gigantic, 
being no less than J J mm. (200 — 260/z) in length ; in 
fact it is just visible to the naked eye as a minute whitish 
speck . 

Its form (Fig. 20 a) can be fairly well imitated by making 
out of clay or stiff dough an elongated cylinder rounded at 
one end and bluntly pointed at the other ; then giving the 
broadet end a slight twist ; and finally making on the side 
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Fig, 20 . — Paramtxcium caudafnm. 

A, the living animal from the ventral aspect, showing the covering of 
cilia, the buccal groo ve (to the right) enfling posteriorly in the mouth 
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(m^A) and gullet {£ul) ; several food vacuoles (j^. vac), and the two 
contractile vacuoles (r. vac). 

B, the same in optical sections showing cuticle (ru), cortex {cor^), and 
medulla {viec^) ; buccal groove {due. gr), mouth, and gullet ^ul) •; 
numerous food vacuoles (j. vac) circulating in the direction indicated 
by the arrows, and containing particles of indigo, which are iiiially 
ejected at an anal spot ; meganuclcus {nu), microniicleus (/<?. nu)^ and 
^trichocysts, some of which {trch) are shown with their threads ejected. 

, The scale to the right of this figure applies to A and B. 

c, a specimen killed with osmic acid, showing the ejection of triclio- 
cyst'threads, which project considerably beyond the cilia. 

D, diagram of binary fission : the micronucieus {pa. mi) has already 
divided, the nucleus {nii) is in the a6t of dividing. 

(d, after Lankestcr. ) 

rendered somewhat concave by the twist a wide shallow 
groove beginning at the broad end and gradually narrowing 
to about the middle of the body, where it ends in a tolerably 
deep depression. 

The groove is called the buccal groove (Fig. 20, a & b, 
hue. gr) : at the narrow end is a small aperture, the mouth 
{intJi), which, like the mouth of Euglena (Fig. 5), leads into 
the soft internal protoplasm of the body. The surface of 
the creature on which the groove is placed is distinguished 
as the ventral surface, the opposae surface being upper or 
dorsal ; the broad end is anterior, the narrow end posterior, 
the former being directed forwards as the animalcule swims. 
These descriptive terms being decided upon, it will be seen 
from Fig. 20 A, that the buccal groove begins an the left side 
of the body, aijd gradually curves over to the middle of the 
ventral surfaces 

As the animal swims its form is seen to be permanent 
exhibiting no contractions of either an amoeboid or a 
euglenoid nature. It is however •'distinctly flexible, often 
being bent in one or other direction when passing between 
obstacles such as entangled masses of weed. This perma- 
nence of contour is due to the presence of a tolerably firm 
though delicate cuticle \cu) which invests the whole surface. 
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The protoplasm thus enclosed by the cuticle is distinctly 
divisible into two portions — an external somewhat dense layer, 
the cortical layer or cortex {cort)^ and an internal more fluid 
material, the medullary substance or medulla (med). It will be 
remembered that a somewhat similar distinction of the 
protoplasm into two layers is exhibited by Amoeba (p. 3), the 
ectosarc being distinguished from the endosarc simply by 
the absence of granules. In Paramcecium the distinction is 
a far more fundamental one : the cortex is radially striated 
and is comparatively firm and dense, while the medulla is 
granular and semi-fluid, as may be seen from the fact that 
food particles (/. vac, see below, p. 112) move freely in it, 
whereas they never pass into the cortex. The medulla has 
a reticular structure similar to that of the protoplasm of the 
ordinary animal cell (Fig. 9, p. 62), consisting of a delicate 
granular network the meshes of which are filled with a trans- 
parent material In the cortex the meshes of the network 
are closer, and so form a comparatively dense substance. 
The cortex also exhibits a superficial oblique striation, form- 
ing what is called the myophan layer. 

The mouth (^mth) leads into a short funnel-like tube, the 
gullet {gul), which is lined by cuticle and passes through the 
cortex to end in the soft medulla, thus making a free com- 
munication between the latter and the external water. 

The cilia with which the body is covered are of approxi- 
mately equal size, quite short in relation to the entire 
aiiimal, and arranged in longitudinal rows over the whole 
outer surface. They consist of prolongations of the cortex, 
and each passes through a minute perforation in the cuticle. 
They are in constant rhythmical movement, and are thereby 
distinguished from the flagella of Haematococcus, Eugleiia, 
&c., which exhibit more or less intermittent lashing move- 
ments (see p. 25, note, and p. 59). Their rapid motion and 
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minute size make them somewhat difficult to see while the 
Paramoecium is alive and active, but after death they are 
very obvious, and look quite like a thick covering ctf fine 
silky hairs. • 

Near the middle of the body, in the cortex, is a large ov:il 
nucleus (B, nu\ which is peculiar in taking on a uniform tint 
when stained, showing none of the distinction into chroma- 
tin and nuclear sap which is so marked a feature in many of 
the nuclei we have studied (see especially Fig. i, p. 2, and 
Fig. 9, p. 62). It has also a further peculiarity: against one 
side of it in F. can datum is a small oval structure {pa. nu) 
which is also deeply stained by magenta or carmine. This 
is the miavnucleus : it is to be considered as a second, 
smaller nucleus, the larger body being distinguished as the 
me'^aandcus. In the closely allied P. aurelta^ there are two 
luicronuclei. 

There are two contractile vacuoles {c, vac), one situated at 
about a third of the entire length from the anterior end of 
the boi^, the other at about the same distance from the 
posterior end : they occur in the cortex. 

The action of the contractile vacuoles is very beautifully 
seen in a Paramoecium at rest : it is particularly striking in a 
specimen subjected to slight pressure under a cover glass, 
but is perfectly visible in one which has merely temporarily 
sui)ended its active swimming movements. It is then seen 
that during the diastole, or phase of expansion of each vacuole, 
a number — about six to ten — of delicate radiating, spindle- 
shaped .spaces filled with fluid appear round it, like the rays 
of a star (upper vacuole in a & b) : the vacuole itself contracts 
or performs its systole, completely disappearing from view^, 
and immediately afterwards the radiating canals flow together 
and re-fill it, becoming themselves emptied and therefore 
invisible for an instant ^(lower vacuole in a & b) but rapidly 
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appearing once more. There seems to be no doubt that the 
water taken in with the food is collected into these canals, 
emptied into the vacuole, and finally discharged into the 
siirrolinding medium. 

The process of feeding can be very conveniently studied 
in Paramoecium by placing in the water some finely-divided 
carmine or indigo. When the creature comes into the 
neighbourhood of the coloured particles, the latter arc swept 
about in various directions by the action of the cilia : some 
of them are however certain to be swept into the neighbour- 
hood of the buccal groove and gullet, the cilia of which all 
work downwards, i.c. towards the inner end of the gullet. 
The grains of carmine are thus carried into the gullet, where 
for an instant they lie surrounded by the water of which it is 
fuU : then, instantaneously, probably by the contraction of 
the tube itself, the animalcule performs a sort of gulp, and 
the grains with an enveloping globule of water or food-vacuole 
are forced into the medullary protoplasm. This process is 
repeated again and again, so that in any well-nSurished 
Paramoecium there are to be seen numerous globular spaces 
filled with water and containing particles of food — or in the 
present instance of carmine or indigo.*" At every giil]) the 
newly formed food-vacuole pushes, as it were, its predecessor 
before it : contraction of the medullary protoplasm also takes 
place in a definite direction, and thus a circulation of food- 
vacuoles is produced, as indicated in Fig. 20, b, by arrows. 

After circulating in this way for some time the water of the 
food-vacuoles is gradually absorbed, being ultimately excreted 
by the contractile vacuoles, so that the contained particles 
come to lie in the medulla itself (refer to figure). The circu- 
lation still continues, until finally the particles are brought to 
a spot situated about half-way between the mouth and the 
posterior end of the body: here if* carefully watched they 



TRICHOC YSTS 


are seen to approach the surface and then to be suddenly 
ejected. The spot in question is therefore to be looked 
upon as a potential a7ms^ or apeiture for the egestipn of 
faeces or undigested food-matters. It is a potential and not 
an actual anus, because it is not a true aperture but only a 
soft place in the cortex through which, by the contractions 
of the medulla, solid particles are easily forced. 

Of course when Paramoccium ingests, as it usually does, 
not carmine but minute living organisms, the latter are 
digested as they circulate through the medullary protoplasm, 
and only the non-nutritious parts cast out at the anal spot. 
It has been found by experiment that this infusor can 
digest not only proteids but also starch and perhaps fats. 
The starch is probably converted into dextrin^ a carbo- 
hydrate having the same formula (CoHi^Og) but soluble 
and diffusible. Oils or fats seem to . be partly converted 
into fatty acids and glycerine. 7'he nutrition of Paramoccium 
is therefpre characteristically holozoic. 

It was mentioned above (p. no) that the cortex is ra- 
dially striated in optical section. Careful examination with 
a very high power shows that this appearance is due to the 
presence in the cortex of minute spindle-shaped bodies (a 
and B, trch) closely arranged in a single layer^ and perpen- 
dicular to the surface. These are called trichocysts. 

When a Paramoccium is killed, either by the addition of 
osmic acid or some other poisonous reagent or by simple 
pressure of the cover glass, it frequently assumes a remark- 
able appearance. Long delicate threads suddenly appear, 
projeqting from its surface in all directions (c) and looking 
very much as if the cilia had suddenly protruded to many 
times their original length. But these filaments have really 
f nothing to do with the cilia \ they are contained under or- 
dinary circumstances in the trichocysts, probably coiled up \ 
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and by the contraction of the cortex consequent upon any 
sudden irritation they are projected in the way indicated. 
In F^. 20 B, a few trichocysts (trcJi) are shown in die ex- 
ploded condition, i.e. with the threads protruded. Most 
likely these bodies are weapons of offence like the very 
similar structures (nematocysts) found in polypes (see Lesson ^ 
XXL Figs. 51 and 52). 

Paramoscium multiplies by simple fission, the division of 
the body being always preceded by the elongation and 
subsequent division of the mega- and micronucleus (Fig. 
20, d). Division of the mcganucleus is direct, that of the 
micronucleus indirect, i.c, takes place by mitosis. 

Conjugation also occurs, usually after multiplication by 
fission has gone on for some time, but the details and the 
results of the process are very different from what arc found 
to obtain in Heteromita (p. 41). Two Paramoecia come 
into contact by their ventral faces (Fig. 21, a) and the mega- 
nuclcus {mg. nn) of each gradually breaks up into minute 
fragments (d — o) which are either absorbed into the proto- 
plasm or ejected. At the same time the micronucleus 
(;;//. nil) divides, by mitosis, and the process is repeated, 
the result being that each gamete contains four micro- 
nuclei (b). Two of these become absorbed and disappear, 
(c, mi. 7 iii\ mi. nu") of the remaining, two one is now distin- 
guished as the active pronncleus^ the other as the stationary 
pronucleus. Next, the active pronucleus of each gamete 
passes into the body of the other (c) and fuses with its 
stationary pronucleus (d) ; in this way each gamete con- 
tains a single nuclear body, the conjugation- 7 mcleus (e), 
formed by the union of two similar pronuclei one of 
which is derived from another^ individual. It is this^ 
fusion of two nuclear bodies, one from each of the con- 




Fig. 2l.—Stai^i’s in th ’ Conju^s^ation of Parama'cium. 

A, Commencement of conjiujation : the meganuclei {mg. nn) of the 
two gametes arc almost unaltered ; the micronuclei {mi. mt) are in an 
early stage of mitosis : giil^ gullcu 

. «■ T^fe micronuclei have divided twice, each gamete now containing 
four. ' 

c, Two of the micronuclei {mi. nu', mi. mi') of each gamete are 
degenerating : of the remaining two, one— the active pronucleus — is 
passing into the other gamete. 

D, The active pronucleus of each gamete has passed into the other 
gamete and is conjugating with its stationary pronucleus. The mega- 
nucle\is {mg. nu) has begun to break up. 

E, Each gamete contaifis a single conjugation-nucleus formed by the 
union of its own stationary pronucleus wuth the active pronucleus of 
the other gamete. Qn the right side the conjugation-nucleus is beginning 
to divide. 

F, Conjugation is over and only one of the separated gametes is shown. 
It contains the fragments of the mcganucleus (dotted) and four nuclear 
bodies {mi. nu) produced by the division and redivision of the con- 
jugation-nucleus. 

G, Two of the products of division of the conjugation-nucleus {Mg. nu) 
are enlarging to form meganuclei, the other two {Mi. nu) are taking on 

^ the characters of micronuclei. Fragments of the original meganucleus 
{mg. nu , ) still remain. • 

(After Hertwig.) 

I 2 



Ii6 PARAMCECIUM, STYLONYCIItA, OXYTRTCIIA 

jugating cells, which is the essential part of the whole 
process. Soon after this the gametes separate from one 
anothgr and begin once more to lead an independent 
existence; the conjugation nucleus of each undergoes 
a twice repeated process of division, the infusor thus 
acquiring four small nuclei (f). Two of these enlarge 
and take on the character of mcganuclei (g, Mg. nu)^ the 
other two remaining unaltered and having the character of 
micronuclei {Mi. nu). Thus shortly after the completion 
of conjugation each individual contains two mega- and 
two micronuclei all derived from the conjugation-nucleus. 
Ordinary transverse fission now takes place, as described 
in the preceding paragraph, each of the two daughter-cells 
having one mega- and one micronucleus, and thus the 
normal form of the species is re-acquired. 

It will be noticed that, in the present instance, conjuga- 
tion is not a process of multiplication : it has been 
ascertained that during the time two infusors are conju- 
gating each might have produced several thousand offspring 
by continuing to undergo fission at the usual rate. The 
importance of the process lies in the exchange of nuclear 
material between the two conjugating individuals : without 
such exchange these organisms have been shown to undergo 
a gradual process of senile decay characterized by diminution 
in size and degeneration in structure. 

Another ciliated infusor common in stagnant water and 
organic infusions is Stylonychia mytilus., an animalcule vary- 
ing from y\^mm. to ^mm. 

Like Paramoecium it is often to be seen swimming rapidly 
in the fluid, but unlike that genus it frequently creeps about, 
almost like a wood-louse or a caterpillar, on the surface 
of the plants or other solid objects among which it lives. 
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In correspondence with this, instead of being nearly 
cylindrical, it is flattened on one — the ventral— side, 
and is thus irregularly plano-convex in transverse section 
(Fig. 22, c). 



Kic. 22. — A, Slyhmychia Kiyliltis., ventral asspect, showing the buccal 
groove {btic. gr.) and mouth {mtJi), two nuclei [nu^ 7iu), contractile 
vacuole {c. vac), and cilia differentiated into hook-like [h, ci), bristle- 
likc [b. ci), plale-likc (/. ci), and fan-like (w. ci) organs, 
n, one of the plate-like cilia of the same [p. ci in A), showing its 
fra) ed extremity. 

C, transverse section of Gastrostyla, a form allied to Stylonychia, 
sliowing buccal groove {hue. yr.), small dorsal cilia {d, ci), hook-like 
cilium (//. ci), and the vaiious cilia of the buccal groove, including an 
expanded fan-like o;gan (w. ci). A and B after Claparkle and Lach- 
mann : C after Sterki. 

It resembles Paramoecium in general structure (compare 
Fig. 2 2, A, with Fig. 2c, a); but owing to the absence of 
Irichocysts the distinction between cortex and medulla is 
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less obvious : moreover, it has two nuclei ( nu^ nu) and only 
one contractile vacuole {c. vac). 

But it is in the character of its cilia that Stylonychia 
is most markedly distinguished from Paramoecium : these 
structures, instead of being all alike both in form and size, 
are modified in a very extraordinary way. 

On the dorsal surface the cilia are represented only by 
very minute processes of the cuticle (c, d. ci) set in longi- 
tudinal grooves and exhibiting little movement. It seems 
probable that these are to be looked upon as vestigial or 
rudimentary cilia, as the representatives of cilia which 
were of the ordinary character in the ancestors of Stylo- 
nychia, but which have undergone partial atrophy., or 
diminution beyond the limits of usefulness, in con*espond- 
ence with the needs of an animalcule which has taken to 
creeping on its ventral surface, instead of swimming freely 
and so using all its cilia equally. 

On the other liand, the cilia on the ventral surface have 
undergone a corresponding enlargement or hypertrophy. 
Near the anterior and posterior ends and about the middle are 
three groups of cilia of comparatively immense size, shaped 
either like hooks (Ji. ci.), or like flattened rods frayed at 
their ends {p. ci, and b). All these structures neither vibrate 
rhythmically like ordinary cilia nor perform lashing move- 
ments like flagella, but move at the base only, like single- 
jointed legs. The movement is under the animal’s control, 
so that it is able to creep about by the aid of these hooks 
and plates in much the same way as a caterpillar by means 
of its legs. 

N otice that we have here a third form of contractility : in 
amoeboid movement there is an irregular flowing of the pro- 
toplasm (pp. 4 and 9) ; in ciliary movement a flexion of 
a protoplasmic filament from side to side (p. 33); while 
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in the present case we have sudden contractions taking place 
at irregular intervals. The movements of these locomotor 
hooks and plates are therefore very similar to the muscular 
contractions to which the movements of the higher cmimals 
arc due : it cannot be said that definite muscles are present 
in Stylonychia, but the protoplasm in certain regions of the 
unicellular body is so modified as to be able to perforin a 
sudden contraction in a definite direction. The nature of 
muscular contraction will be further discussed in the next 
Lesson (see p. 130). 

The remainder of the ventral surface, with the exception 
of the buccal groove, is bare, but along each side of the 
margin is a row of large vibratile cilia, of which three at 
the i)osterior end arc modified into long, stiff, bristle-like 
processes (a, b, ci). 

There is also a special differentiation of the cilia of the 
buccal groove {bu^r. gr.). On its left side is a single row of 
very large and powerful cilia (a and c, m. ci) which are the 
chief organs for causing the food-current as well as the 
main swimming-organs : each has the form of a triangular 
fan-like plate (c, in. ci). On the right side of the buccal 
groove is a row of smaller but still large cilia of the ordinary 
form, and in the interior of the gullet a row of extremely 
delicate cilia which aid in forcing particles of food down the 
gullet into the medulla. 

In Stylonychia and allied genera intermediate forms are 
found between these j^eculiar hooks, plates, bristles, and 
fans, and ordinary cilia ; from which we may conclude that 
these diverse appendages are to be looked upon as highly 
modified or differentiated cilia. Probably they have been 
evolved in the course of time from ordinary cilia, and on 
the principle that the more complicated or specialized 
organisms are descended from simpler or more generalized 
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forms (see Lesson XIII.), we may consider Stylonychia as 
the highly- specialized descendant of some uniformly-cilialed 
progenitor. 

A third genus of ciliated Infusoria must be referred 
to in concluding the present Lesson. We have seen how 
the nucleus of a Paramoecium which has just conjugated 
breaks up and apparently disappears (Fig. 21, a — g). 
In Oxytricha^ a genus closely resembling Stylonychia, the 
two nuclei have been found to break up into a large number 
of minute granules (Fig 23), which can be seen only after 



Fig. 23 . — Oxylyicha /lava, killed and stained, showing the frag- 
mentation of the nuclei. (After Gruber.) 

careful staining and by the use of high magnifying powers. 
This process is called fragmentatio?i of the nucleus ; in 
other cases it goes even further, and the nucleus is reduced 
to an almost infinite number of chromatin granules only just 
visible under the highest powers. From this it seems very 
probable that organisms which, like Protamceba (p. 9) and 
Protomyxa (p. 49), appear non-nucleate, are actually pro- 
vided with a nucleus in this pulverized condition, and that 
a nucleus in some form or other is an essential constituent 
of the cell. 



LESSON XI 

OPALINA 

The large intestine of the common frog often contains 
numbers of ciliate Infusoria belonging to two or three 
genera. One of these parasitic animalcules, called Gpalina 
ranarum^ will now be described. It is easily obtained by 
killing a frog, opening the body, making an incision in the 
rectum, and spreading out a little of its blackish contents in 
a drop of water on a slide. 

Opalina has a flattened body with an oval outline (Fig. 
24, A, li), and full-sized specimens may be as much as one 
millimetre in length. 'The ])rotoplasm is divided into cortex 
and medwlla and is covered with a cuticle, and the cilia are 
equal-sized and uniformly arranged in longitudinal rows over 
the whole surface (a). 

On a first examination no nucleus is apparent, but after 
staining a large number of nuclei can be seen (r, ;///), each 
being a globular body (c, 1), consisting of a nuclear matrix 
surrounded by a membrane and containing a coil or net- 
work of chromatin. These nuclei multiply within the body 
of the infusor, and in so doing pass through the various 
changes characteristic of, mitosis or indirect nuclear division 
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(compare Fig. lo, p. 64, with Fig. 24, c) : the chromatin 



A, living specimen, surface view, showing longitudinal rows of cilia. 

B, the same, stained, showing numerous nuclei in various stages 
of division. 

C, I — 6, stages in nuclear division. 

D, longitudinal fission. 

E, transverse fission. 

F, the same in a specimen reduced in size by rejieated division. 

G, final product of successive divisions. 

H, encysted form. 

I, uninucleate form produced from cyst. 

K, the same after multiplication of the nucleus has begun. 

(a — C, after Pfitzner ; D — K, from Saville Kent, after Zeller.) 

breaks up (c, 2), a spindle is formed with the chromosomes 
across its equator (3), the chromosomes pass to the poles of 
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the spindle (4, 5), and the nucleus becomes constricted (5) 
and finally divides into two (6). 

The presence of numerous nuclei in Opalina is a fact 
worthy of special notice. The majority of the organisms 
we have studied are uninucleate as well as unicell ulai : the 
higher animals and plants we found (Lesson VI.) to consist 
of numerous cells each with a nucleus : Opalina, on the 
other hand, is multinucleate but its protoplasm is undivided, 
so that it presents a condition of things intermediate be- 
tween the unicellular and the multicellular types of structure : 
it is most suitably described as 7 ton-celluIar. An approach to 
this condition of things is furnished by Stylonychia, which is 
unicellular and binucleate (Fig. 22, a), but the only organisms 
we have yet studied in which numerous nuclei of the ordi- 
nary character occur in an undivided mass of protoplasm are 
the Mycetozoa (p. 52), and in them the multinucleate con- 
dition of the plasmodium is largely due to its being formed 
by the fusion of separate cells, while in Opalina it is due, as 
we shall see, to the repeated binary fission of an originally 
single nucleus. 

There is no contractile vacuole, and no trace of either 
mouth or gullet, so that the ingestion of solid food is impos- 
sible. The creature lives, as already stated, in the intestine 
of the frog : it is therefore an mternal f^arasiie^ or efido- 
pa 7 'asite^ having the frog as its host. The intestine contains 
the partially-digested food of the frog, and it is by the ab- 
sorption of this that the Opalina is nourished. Having no 
mouth, it feeds solely by imbibition : whether it performs 
any kind of digestive process itself is not certainly known, 
but the analogy of other mouthless parasites leads us to 
expect that it simply absorbs food ready digested by its host, 
upon which it is dependent for a constant supply of soluble 
and diffusible nutriment.* 

Thus Opalina, in virtue of its parasitic mode of life, is 
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saved the performance of certain work — the work of diges- 
tion, that work being done for it by its host. This is the 
essence of internal parasitism : an organism exchanges a free 
life, •burdened with the necessity of finding food for itself, for 
existence in the interior of another organism, on which, in 
one way or another, it levies blackmail. 

Note the close analogy between the nutrition of an internal 
parasite like Opalina and the saprophytic nutrition of a 
monad (p. 39). In both the organism absorbs proteids 
rendered soluble and diffusible, in the one case by the 
digestive juices of the host, in the other by the action of 
putrefactive bacteria. 

The reproduction of Opalina presents certain points of 
interest, largely connected with its peculiar mode of life. It 
is obvious that if the Opalinte simply went on multiidying, 
by fission or otherwise, in the frog’s intestine, the population 
would soon outgrow the means of subsistence : moreover, 
when the frog died there would be an end of the parasites. 
What is wanted in this as in other internal i)arasites is some 
mode of multiidication which shall serve as a 7 //ea/is of dis- 
persal^ or in other words, enable the progeny of the parasite 
to find their way into the bodies of other hosts, and so start 
new colonies instead of remaining to impoverish the mother 
country. 

Opalina multiplies by a somewhat peculiar process of 
binary fission ; an animalcule divides in an oblique direction 
(Fig. 24, d), and then each half, instead of growing to the 
size of the parent cell, divides again transversely (e). The 
process is repeated again and again (f), the plane of division 
being alternately oblique and transverse, until finally small 
bodies are produced (g), about length, and 

containing two to four nuclei. 

If the parent cell had divided simultaneously into a num- 
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her of these little bodies the process would have been one of 
multiple fission : as it is, it forms an interesting link between 
simple and multiple fission. , 

Opalina ranarum multiplies in this way in the spring*—/.^, 
during the frog’s breeding season. Each of the small pro- 
ducts of division (g) becomes encysted (h), and in this 
passive condition is passed out with the frog’s excrement, 
probably falling on to a water-weed or other aquatic object. 
Nothing further takes jdacc unless the cyst is swallowed by 
a tadpole, as must frequently happen when these creatures, 
produced in immense numbers from the frogs’ eggs, browse 
upon the water-weeds which form their chief food. 

Taken into the tadpole’s intestine, the cyst is burst or 
dissolved, and its contents emerge as a lanceolate mass of 
protoplasm (i), containing a single nucleus and covered with 
cilia. This, as it absorbs the digested food in the intestine 
of its host, grows, and at the same time its nucleus divides 
repeatedly (k) in the way already described, until by the time 
the animalcule has attained the maximum size it has also 
acquired the large number of nuclei characteristic of the 
genus. 

Here, then, we have another interesting case of develop- 
ment (see p. 43) : the organism begins life as a very small 
uninucleate mass of protoplasm, and, as it increases in size, 
increases also in complexity by the repeated binary fission 
of its nucleus. 



LESSON XII 

VORTICELLA AND ZOOTHAMNIUM 

The next organism we have to consider is a ciliated infusor 
even commoner than those described in the two previous 
lessons. It is hardly possible to examine the water of a 
pond with any care without finding in it, sometimes attached 
to weeds, sometimes to the legs of water-fleas, sometimes to 
the sticks and stones of the bottom, numbers of exquisitely 
beautiful little creatures, each like an inverted bell with a 
very long handle, or a wdne-glass with a very long stem. 
These are the well-known “bell-animalcules;” the com- 
monest among them belong to various species of the genus 
Vorticella. 

The first thing that strikes one about Vorticella 
(Fig. 25, a) is the fact that it is permanently fixed, 
like a plant, the proximal or near end of the stalk 
being always firmly fixed to some aquatic object, while to 
the distal or far end the body proper of the animalcule is 
attached. 

But in spite of its peculiar form it presents certain very 
obvious points of resemblance to Paramoecium, Stylonychia, 
and Opalina. The protoplasm is divided into cortex (Fig. 
25, c, cori) and medulla (med\ and is invested with a 




Fig. 25. — Vorticella. 

A^’ifiiring specimen fully expanded, showing stalk {st) with axial fibre 
{ax. f% peristome {per), disc {d)y mouth {mtk), gullet {gu//), and 
contractile vacuole. 

B, the same, bent on its stalk and with the disc turned away from the 
observer. 

c, optical section of the same, showing cuticle (cn), cortex {ear/), 
medulla {med), nucleus {me), gullet several food-vacuoles, and 

anus {an), as well as the structures shown in A. 

d\ a half- retracted aijd a fully-retracted specimen, showing the 
coiling of the stalk and overtapping of the disc by the peristome. 
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e’, commencement of binary fission ; K“, completion of the process ; 
E‘^, the barrel-shaped product of division swimming freely in the 
direction indicated by the arrow. 

a specimen dividing into a megazooid and several microzooids (;;/) ; 
division into one mega- and one microzooid. 
g\ g'*^, two stages in conjugation showing the gradual absorption of 
the microgamete (w) into the megagamete. 

h‘, multiple fission of encysted form, the nucleus dividing into numer- 
ous masses : S]:)ore formed by multiple fission ; h‘^ — development 

of the spore ; is undergoing binary fission. 

(e — H after Saville Kent.) 


delicate cuticle (tru). There is a single contractile vacuole 
(r. m^) the movements of which are very readily made out 
owing to the ease with which the attached organism is kept 
under observation. There is a meganucleus (/^u) remarkable 
for its elongated band-like form, and having in its neighbour- 
hood a small rounded micronucleus. Cilia are also present, 
but the way in which they are disposed is very peculiar and 
characteristic. To understand it we must study the form 
of the body a little more closely. 

The conical body is attached by its apex or proximal end 
to the stalk : its base or distal end is expanded so as to form 
a thickened rim, the peristome {per), within which is a plate- 
like body elevated on one side, called the disc id) and 
looking like the partly raised lid of a chalice. Between the 
raised side of the disc and the peristome is a depression, the 
mouth {mih), leading into a conical gullet {gidl). 

There is reason for thinking that the whole proximal 
region of Vorticella answers to the ventral surface of :j|lflira_ 
moecium, and its distal surface with the peristome and 
disc to the dorsal surface of the free-swimming genus : the 
mouth is to the left in both. 

A single row of cilia is disposed round the inner border 
of the peristome, and continued on the one hand down the 
gullet, and on the other round the elevated portion of the 
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disc ; the whole row of cilia thus takes a spiral direction. 
The rest of the body is completely bare of cilia. 

The movements of the cilia produce a ver)' cii;-ioiis 
optical illusion ; as one watches a fully-expanded speeimeii 
it is hardly possible to believe that the peristome and disc 
are not actually revolving— a state of things which would 
imply that they were discontinuous from the rest of the 
body. As a matter of fact the appearance is due to the 
successive contraction of all the cilia in the ssamc direction, 
and is analogous to that produced by a strong wind on a 
field of corn or long grass. The bending down of suc- 
cessive blades of grass produces a series of waves travelling 
across the field in the direction of the wind. If instead of 
a field we had a large circle of grass, and if this were acted 
upon by a cyclone, the wave would travel round the circle 
which would then appear to revolve. 

Naturally the movement of the circlet of cilia produces a 
small whirlpool in the neighbourhood of the Vorticella, as 
can be seen by introducing finely-powdered carmine into 
the water. It is through the agency of this whirlpool that 
food particles are swept into the mouth, surrounded, as in 
Paramoccium, by a globule of water : the food-vacuoles 
(/. thus constituted circulate in the medullary proto- 
plasm, and the non-nutritive parts are finally egested at an 
anal spot (af^) situated near the base of the gullet. 

The stalk (jT/) consists of a very delicate, transparent, 
outer substance, which is continuous with the cuticle of the 
body and contains a delicate tzxia/ fibre {ax. /.) running 
along it from end to end in a somewhat spiral direction. 
This fibre is a prolongation of the cortex of the body 
(c, ax. f.) : under a \tfery high power it appears granular or 
delicately striated, the stpae being continued into the cortex 
of the proximal part of the body. 
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A striking characteristic of Vorticella is its extreme 
irritability, /.<?., the readiness with which it responds to any 
extepial stimulus (sec p. lo). The slightest jar of the 
microscope, the contact of some other organism, or even a 
current of water j^roduced by some free-swimmig form like 
Paramoecium, is felt directly by the bell-animalcule, and is 
followed by an instantaneous change in the relative position of 
its parts. The stalk becomes coiled into a close spiral (d\ d-) 
so as to have a mere fraction of its original length, and the 
body from being bell-shaped becomes globular, the disc being 
withdrawn and the ])eristome closed over it (d^ d-). 

The coiling of the stalk leads us to the consideration of 
the particular form of contractility called muscular, which 
we have already met with in Stylonychia (p. ii8). It w\as 
mentioned above that while the stalk in its fully exi)anded 
condition is straight, the axial fibre is not straight, but forms 
a very open spiral, i.e., it does not lie in the centre of 
the stalk but at any transverse section is nearer the surface 
at one spot than elsewhere, and this point as we ascend the 
stalk is directed successively to all points of the compass. 

Now suppose that the axial fibre undergoes a sudden con- 
traction, that is to say, a decrease in length accompanied by 
an increase in diameter, since as we have already seen 
(p. lo) there is no decrease in volume in protoplasmic 
contraction. There will naturally follow a corresponding 
shortening of the elastic cuticular substance which forms the 
outer layer of the stalk. If the axial fibre were entirely 
towards one side of the stalk, the result of the contraction 
would be a flexure of the stalk towards that side, but, as its 
direction is spiral, the stalk is bent successively in every 
direction, that is, is thrown into a close spiral coil. 

The axial fibre is therefore a ]jortion of the protoplasm 
which possesses the properly of contractility in a special 
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degree ; in which moreover contraction takes place in a 
definite direction — the direction of the length of the fibre — 
so that its inevitable result is to shorten the fibre ancj con- 
sequently to bring its two ends nearer together. This is the 
essential characteristic of a muscular contraction, and the 
axial fibre in the stalk of Vorticclla is therefore to be looked 
upon as the first instance of a clearly differentiated muscle 
which has come under our notice. 


There are some interesting features in the reproduction of 
Vorticella. It multiplies by binary fission, dividing through 
the long axis of the body (Fig. 25, e^). Hence it is 

generally said that fission is longitudinal, not transverse, as 
in Paramcjecium. But on the theory (p. 128) that the peris- 
tome and disc are dorsal and the attached end ventral, 
fission is really transverse in this case also. 

It will be seen from the figures that the process takes place 
by a cleft appearing at the distal end (e^), and gradually 
deepening until there are produced two complete and full- 
sized individuals upon a single stalk (e^). This state of 
things does not last long : one of the two daughter-cells takes 
on a nearly cylindrical form, keeps its disc and peristome 
retracted, and acquires a new circlet of cilia near its proximal 
end (e^) : Jt then detaches itself from the stalk, which it 
leaves in the sole possession of its sister-cell, and swims about 
freely for a time in the direction indicated by the a^ow. 
Sooner or later it settles down, becomes attached by its 
proximal end, loses its basal circlet of cilia, and develops a 
stalk, which ultimately attains the normal length. 

The object of this arrangement is obvious. If when a 
Vorticella divided, the plane of fission extended down the 
stalk until two ordinary ^fixed forms w^ere produced side by 
side, the constant repetition of the process w^ould so increase 

K 2 
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the numbers of the species in a given si)ot that the food- 
supply would inevitably run short. This is prevented by 
one qf the two sister-cells produced by fission leading a free 
existence long enough to enable it to emigrate and settle in 
a new locality, where the competition with its fellows will be 
less keen. The production of these free-swimming zooids 
is therefore a means of dispersal (see p. 124) : contrivances 
having this object in view are a very general characteristic 
pf fixed as of parasitic organisms. 

Conjugation occasionally takes place, and presents certain 
peculiarities. A Vorticella divides either into two unequal 
halves (f^) or into two equal halves, one of which divides 
again into from two to eight daughter-cells (f^). There are 
thus produced from one to eight microzooids which resemble 
the barrel-shaped form (e^) in all but size, and like it become 
detached and swim freely by means of a basal circlet of cilia. 
After swimming about for a time, one of these microzooids 
comes in contact with an ordinary form or megazooid^ when 
it attaches it.self to it near the proximal end (cd), and under 
goes gradual absorption (g^), the mega- and microzooids 
becoming comi)letely and permanently fused. As in Para- 
moecium, conjugation is followed by increased activity in 
feeding and dividing (p. 116). 

Notice that in this case the conjugating bodies pr gametes 
are not of equal size and similar characters, but one, which 
is conveniently distinguished as the microgamete ( = micro- 
zooid) is relatively small and active, while the other or 
megagamete ( = megazooid, or ordinary individual) is rela- 
tively large and passive. As we shall see in a later lesson, 
this differentiation of the gametes is ])recisely what we get in 
almost all organisms with two sexes : the microgamete being 
the male, the megagamete the femaje conjugating body (see 
P- 173)- 
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The result of conjugation is strikingly different in the three 
cases already studied : in Heteromita (p. 41) the two gametes 
unite to form a zygote, a motionless body provided with a 
celbwall, the protoplasm of which divides into spores : in 
Paramoccium (p. 1 14) no zygote is formed, conjugation being 
a mere temporary union : in Vorticella the zygote is an 
actively moving and feeding body, indistinguishable from an 
ordinary individual of the species. 

Vorticella sometimes encysts itself (Fig. 25, h^), and the 
nucleus of the encysted cell has been observed to break up 
into a number of separate masses, each doubtless surrounded 
by a layer of protoplasm. After a time the cyst bursts, and 
a number of small bodies or spores (h^) emerge from it, each 
containing one of the products of division of the nucleus. 
These acquire a circle of cilia (h^), by means of which they 
swim freely, and they are sometimes found to multiply by 
simple fission (h*^). Finally, they settle down (ii^) by the 
end at which the cilia arc situated, the attached end begins 
to elongate into a stalk (h^), this increases in length, the 
basal circlet of cilia is lost, and a ciliated peristome and 
disc are formed at the free end (h"). In this way the 
ordinary form is assumed by a process of development 
recalling that which we found to occur in Heteromita (p. 43), 
but with an important difference : the free-swimming young of 
Vorticella to which the spores formed by division of 
the endysted protoplasm give rise, differ strikingly in form 
and habits from the adult. This is expressed by saying 
that development is in this case accompanied by a meta- 
morphosis^ this word, literally meaning simply a change, being 
always used in biology to express a striking and fundamental 
difference in form and habit between the young and the 
adult ; as, for instance, betw^een the tadpole and the frog, 
or between the caterpillar and the butterfly. It is obvious 
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that in the present instance metamorphosis is another means 
of ensuring dispersal. 


In*Vorticella, as \vc have seen, fission results not in the 



FlCr. 26 . — Zoothainnmm arlmscida. 

A, entire colony, magnified, showing nutritive [n. z) and reproductive 
{r. s) zooids ; ax, f axial fibre of the stem, 

B, the same, naiural size. 

C, the same, magnified, in the condition of retraction. 

I), nutritive zooid, showing nucleus {an), contractile vacuole [c. 
gullet, and axial fibre {ax. f). 

E, reproductive zooid, showing nucleus (;///) and contractile vacuole 
(r. vac), and absence of mouth and gullet. 

F^, two Stages in the development of the reproductive zooid. 
(After wSaville Kent.) 

production of equal and similar daughter-cells, but of one 
stalked and one free-swimming form. It is however quite 
possible to conceive of a Vorticel la-like organism in which 
the parent cell divides into two equal and similar products, 
each retaining its connection with the stalk. If this process 
were repeated again and again, and* if, further, the plane of 



XII 


DIMOKPHISM 


135 


fission were extended downwards so as to include the distal 
end of the stalk, the result would be a branched, tree-hkc 
stem with a Vorticella-like body at the end of every branch. 

As a matter of fact, this process takes place not in^Vorti- 
cella itself, but in a nearly allied infusor, the beautiful 
7 .oothamnium^ a common genus found mostly in sea-water 
attached to weeds and other objects. 

Zoothamnium arbuscula (Fig. 26, a) consists of a main 
stem attached by its proximal end and giving off at its distal 
end several branches, on each of which numerous shortly- 
stalked bell-animalcules are borne, like foxgloves or Canter- 
bury- bells on their stem. The entire tree is about i cm. 
high, and so can be easily seen by the naked eye : it is shown 
of the natuiTii size in Fig. 26, b. 

We see, then, that Zoothamnium differs from all our 
previous types in being a compound organism. The entire 
“ tree ” is called a co/ony or sfoc/c^ and each separate 
bell-animalcule borne thereon is an individual or zooid,^ 
morphologically equivalent to a single Vorticella or 
Paramccciuin. 

As in Vorticella, the stem consists of a cuticular sheath 
with an axial muscle-fibre {ax,f), which, at the distal end 
of the main stem, branche.s, like the stem itself, a prolonga- 
tion of it being traceable to each zooid (d). So that the 
muscular system is common to the whole colony, and any 
shock causes a general contraction, the tree-like structure 
assuming an almost globular form (c). 

It will be noticed from the figure that all the zooids of 
the colony are not alike : the majority are bell-shaped and 
resemble Vorticell^e (a, n. 5, and d), but here and there arc 
found larger bodies (a, r. 2, and e) of a globular form, with- 
out mouth, peristome, or disc, and with a basal circlet of 
cilia. The characteristic band-like nucleus (nii) and the 
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contractile vacuole (r. vac) are found in both the bell- shaped 
and the globular zooids. 

It is to these globular, mouthless zooids that the functions 
of reproducing the whole colony and of ensuring dispersal 
are assigned. They bect)mc detached, swim about freely 
for a time, then settle down, develop a stalk and mouth 
(f^ f^), and finally, by repeated fission, give rise to the 
adult, tree-like colony. 

The Zoothamnium colony is thus dimorphic^ bearing indi- 
viduals of two kinds ; 7ii{iriiive zooids^ which feed and add 
to the colony by fission but are unable to give rise to a new 
colony, and reproductive zooids^ which do not feed while, 
attached, but are capable, after a ])criod of free existence, of 
developing a mouth and stalk, and finally producing a new 
colony. Dimorphism is a differentiation of the individuals 
of a colony, just as the formation of axial fibre, gullet, con- 
tractile vacuole, and cilia are cases of differentiation of the 
protoplasm of a single cell. 



LESSON XI n 

SPECIES AND THEIR ORIGIN : THE PRINCIPLES OF 
CLASSIFICATION 

More than once in the course of the foregoing lessons we 
have had occasion to use the word species — for instance, in 
Lesson 1 . (p. 8) it was stated that there were different 
kinds or species of Amoeba*, distinguished by the characters 
of their pseudopods, the structure of their nuclei, &c. 

We must now consider a little more in detail what we 
mean by a species, and, as in all matters of this sort, the 
study of concrete examples is the best aid to the formation 
of clear conceptions, we will take, by way of illustration, 
some of tlie various species of Zoothamnium. 

The kind described in the previous lesson is called 
Zoothaiimium arbuscnia. As Fig. 26, a, shows, it consists of a 
tolerafdy stout main stem, fiom the distal end of which 
spring a number of slender branches diverging in a brush- 
like manner, and bearing on short secondary branchlets the 
separate individuals of the colony : these are of two kinds, 
bell-shaped nutritive zooids, and globular reproductive 
zooids, so that the colony is dimorphic. 

ZA)othamniuin (or, for the sake of brevity, Z.) aller?ians 
Fig. 27, a) is found also in sea-water, and differs markedly 
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from Z. arbuscula in the general form of the colony. The 
main stem is continued to the extreme distal end of the 
colony and terminates in a zooid ; from it branches arc 
given off right and left, and on these the remaining zooids 
are borne. To use Mr. Saville Kent’s comparison, Z. arbus- 



Fig. 27. — Species of Zoothamniiim. A, Z. alttruaiu. B, Z. 
dichoioviniu. c:, /. simplex. D, Z. apfme. E, Z. intlans, (After 
Saville Kent, ) 

cula may be compared to a standard fruit tree, Z. alternans 
to an espalier. In this species also the colony is dimorphic. 

Z. dichotomiD/i (Fig. 27, n) is also dimorphic and presents a 
third mode of branclting. The main stem divides into two, 
and each of the secondary branches does the same, so that 
a repeatedly forking stem is produced. The branching of 
this species is said to be dichotomous^ while that of Z. alter- 
nans is monopodial, and that of Z. arbuscula umbellate. 

Another mode of aggregation of the zooids is found in Z. 
simplex (Fig. 27, c), in which the st^m is iinbranched and 
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bears at its distal end about six zooids in a cluster. The 
zooids are more elongated than in any of the preceding 
species, and there are no special reproductive individuals, so 
that the colony is homomorphic. % 

In Z. affine (Fig. 27, d) the stalk is dichotomous but is 
proportionally thicker than in the preceding species, and 
bears about four zooids, all alike. It is found in fresh water 
attached to insects and other aquatic animals. 

The last species we shall consider is Z. nutans (Fig. 27, e), 
which is the simplest known, never bearing more than two 
zooids, and sometimes only one. 

A glance at Idgs. 26 and 27 will show that these six species 
agree with one another in the general form of the zooids, in 
the characters of the nucleus, contractile vacuole, &c., in 
the arrangement of the cilia, and in the fact that they are all 
comi)Ound organisms, consisting of two or more zooids 
attached to a common stem, the axial fibre of which branches 
with it, f.^., is continuous throughout the colony. 

On account of their possessing these important characters 
in common, the species described are placed in the single 
^enus Zoothamnium, and the characters summarized in the 
preceding paragra])h arc called generic chai'acters. On the 
other hand the points of difference betw^een the various 
species, such as the forking of the stem in Z. dichotomum, 
the presence of only two zooids in Z. nutans, and so on, are 
called specific chai'acters. Similarly the name Zoothaimiium., 
which is common to all the species, is the generic name^ 
while those which arc applied only to a jmrticular species, 
such as arhuscu/a, simplex^ &:c., are the specific names. As 
was mentioned in the first lesson (p. 8), this method of 
naming organisms is knowm as the Linnean system of 
binomial nomenclature. 

It will be seen from the foregoing account that by a 
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species we understand an assemblage of individual or- 
ganisms, whether simple or compound, which agree with one 
another in all but unessential points, such as the precise 
numl)er of zooids in Zoothamnium, which may vary con- 
siderably in the same species, and come^ therefore, within 
the limits of individual variation. Similarly, what we mean 
by a genus is a group of species agreeing with one another 
in the broad features of their organization, but differing in 
detail, the differences being constant. 

A comparison of the six species described brings out 
several interesting relations between them. For instance, it 
is clear that Z. arbiiscula and Z. alternans are far more 
complex, /.c., cxliibit greater differentiation of the entire 
color\^% than Z. simplex, or Z. nutans; so that, within the 
limits of the one genus, we have comparatively low or 
generalized, and comparatively high or specialized si)ecies. 
Nevertheless, a little consideration will show that wc cannot 
arrange the s])ccies in a single series, beginning with the 
lowest and ending with the highest, for, although we should 
have no hesitation in placing Z. nutans at the bottom of 
such a list, it would be impossible to say whether Z. affine 
was higher or lower than Z. sinijilex, or Z. arbuscula than 
Z. alternans. 

It is, however, easy to arrange the species into groups 
according to some definite system. For instance, if we take 
the mode of branching as a criterion, Z. nutans, affine, and 
dichotomum will all be placed together as being dichoto- 
mous, and Z. simplex and arbuscula as being umbellate — 
the zooids of the one and the branches of the other all 
springing together from the top of the main stem : on this 
system Z. alternans will stand alone on account of its mono- 
podial branching. Or, we may make tw^o groups, one of 
dimorphic forms, including Z. arbuscula, alternans, and 
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dichotomum, and another of homomoriihic species, including 
Z. affine, simplex, and nutans. We have thus two a cry 
obvious ways of arranging or classifying the species of 
Zoothamnium, and the question arises — which of ihAe, if 
either, is the right one ? Is there any standard by which 
we can judge of the accuracy of a given classification of 
these or any other organisms, or does the whole thing depend 
upon the fancy of the classifier, like the arrangement of 
books in a library ? In other words, are all possible classi- 
fications of living things more or less artificial, or is there 
such a thing as a natural classification ? 

Suppose we were to try and classify all the members of a 
given famil) -parents and grandparents, uncles and aunts, 
cousins, second cousins, and so on. Obviously there are a 
hundred ways in which it would be possible to arrange 
them — into dark and fair, tall and short, curly-haired and 
straight-haired and so on, But is is equally obvious that all 
these methods would be purely artificial, and that the only 
natural way, i.e., the only way to show the real connection of 
the various members of the family with one another would 
be to classify them according to blood-relationshij), in other 
words to let our classification take the form of a genea- 
logical tree. 

It may be said — what has this to do with the point under 
discussion, the classification of the species of Zoothamnium ? 

There are two theories which attempt to account for the 
existence of the innumerable species of living things which 
inhabit our earth : the theory of creation and the theory of 
evolution. 

According to the theory of creation, all the individuals of 
every species existing at the present day — the tens of 
thousands of dogs, oak trees, amcebjie, and what not — are 
derived by a natural process of descent from a single indi- 



141 


SPECIES AND THEIR ORIGIN less. 

. . . 

viQuai, or from a pair of individuals — in each case precisely 
resembling, in all essential respects, their existing descend- 
ants-^which came into existence by a process outside the 
ordinary course of nature and known as Creation. On this 
hypothesis the history of the genus Zoothamnium would be 
represented by the diagram (Fig. 28) ; each of the species 
being derived from a single individual which came into 



Ancestral Individuals 

Fig. 28. -—Diagram illustrating the origin of the siiccics of 
Zoothamnium by creation. 

existence, independently of the progenitors of all the other 
species, at some distant period of the earth’s history. 

Notice that on this theory the various species are no more 
actually related to one another than is either of them to 
Vorticella, or for the matter of that to Homo. The in- 
dividuals of any one species are truly related since they all 
share a common descent, but there is no more relationship 
between the individuals of any two independently created 
species than between any two independently manufactured 
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chairs or tables. The words affinity, relationshi]), &:c., as 
applied to different species are, on the theory of creation, 
purely metapliorical, and inean nothing more than that a 
certain likeness or community of structure exists ; ji!st as 
we might say tliat an easy chair was more nearly related to a 
kitchen chair than either of them to a three-legged stool. 

We see therefore that on the hypothesis of creation the 
varying degrees of likeness and unlikeness between the 
species receive no explanation, and that we get no absolute 
criterion of classification : \vc may arrange our organisms, 
as nearly as our knowledge allows, according to their resem- 
blances and dilferences, but the relative importance of the 
characters reh'ed on becomes a purely subjective matter. 

According to the rival theory — that of Descent or Organic 
Evolution — every species existing at the present day is 
derived by a natural process of descent from some other 
species which lived at a former period of the world’s 
history. If we could trace back from generation to gener- 
ation the individuals of any existing species we should, on 
this hypothesis, find their characters gradually change, until 
finally a period was reached at which the differences w’ere so 
considerable as to necessitate the jilacing of the ancestral 
forms in a different species from their descendants at the 
present day. And in the same w^ay if we could trace back 
the species of any one genus, we sliould find them gradually 
apjiroach one another in structure until they finally con- 
verged in a single species, differing from those now existing 
but standing to all in a true parental relation. 

Let us illustrate this by reference to Zoothamnium. As a 
matter of fact we know^ nothing of the history of the genus, but 
the comprehension of what is meant by the evolution of species 
will be greatly facilitated by framing a working hypothesis. 

Suppose that at some distant period of the world’s history 
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there existed a Vorticella-like organisiii which we will call 
A (Fig. 29), having the general characters of a single, 
stalked zooid of Zoothamnium (compare Fig. 26, f^), and 
siipp*ose that, of the numerous descendants of this form, 
represented by the lines diverging from a, there were some 
in which both the zooids formed by the longitudinal division 
of the body remained attached to the stalk instead of one of 
them swimming off as in Vorticella. The result — it matters 



not for our present purpose how it may have been caused — 
would be a simple colonial organism consisting of two zooids 
attached to the end of a single undivided stalk. Let us call 
this form b. 

Next let us imagine that in some of the descendants of b, 
represented as before by the diverging lines, the plane of 
division was continued downwards so as to include the 
distal end of the stalk : this would result in the production 
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of a form (c) consisting of two zooids borne on a forked 
stem and resembling Z. nutans. If, in some of the descend- 
ants of c, this process were repeated, each of the two z®oids 
again dividing into two fixed individuals and the division 
as before affecting the stem, we should get a species (d) con- 
sisting of four zooids on a dichotomous stem, like Z. affine. 
Let the same process continue from generation to genera- 
tion, the colony becoming more and more complex ; we 
should finally arrive at a species e, consisting of numerous 
zooids on a complicated dicliotomously branching stem, 
and therefore resembling Z. dichotomum. 

Let us further suppose that, in some of the descendants 
of our hypoilietical form b, repeated binary fission took 
place without affecting the stem : the result would be a new 
form F, consisting of numerous zooids springing in a cluster 
from the end of the undivided stem, after the manner of 
Z. simplex. From this a more complicated umbellate form 
(g), like Z. arbuscula, may be supposed to have originated, 
and again starting from b wii'n a different mode of branch- 
ing a monopddial form (h) might have arisen. 

Finally, let it be assumed that while some of the descend- 
ants of the forms c, d, and f became modified into more 
and more complex species, others survived to the present 
time with comparatively little change, forming the existing 
species nutans, affine, and simplex : and that, in the similarly 
surviving representatives of e, g, and h, a differentiation of 
the individual zooids took place resulting in the evolution of 
the dimorphic species dichotomum, arbuscula, and alternans. 

It will be seen that, on this hypothesis, the relative like- 
ness and unlikeness of the species of Zoothamnium are 
explained as the result of their descent with greater or less 
modification or divergence of character from the ancestral 
form A : and that we get an arrangement or classification 

L 
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in the form of a genealogical tree, which, on the hypothesis, 
is a strictly natural one, since it shows accurately the 
relationship of the various species to one another and to 
the parent stock. So that, on the theory of evolution, a 
natural classification of any given group of allied organisms 
is simply a genealogical tree, or, as it is usually called, a 
phytogeny. 

It must not be forgotten that the forms a, b, c, d, e, f, g, 
and H are purely hypothetical : their existence has been 
assumed in order to illustrate the doctrine of descent by a 
concrete example. The only way in which we could be 
perfectly sure of an absolutely natural classification of the 
species of Zoothamnium would be by obtaining specimens 
as far back as the distant period when the genus first came 
into existence ; and this is out of the question, since minute 
soft -bodied organisms like these have no chance of being 
preserved in the fossil state. 

It will be seen that the theory of evolution has the 
advantage over that of creation of offering a reasonable 
explanation of certain facts. First of all the varying degrees 
of likeness and unlikeness of the species are explained by 
their having branched off from one another at various 
periods : for instance, the greater similarity of structure 
between Z. affine and Z. dichotomum than between either of 
them and any other species is due to these two species 
having a common ancestor in d, whereas to connect either 
of them, say with Z. arbuscula, we have to go back to b. 
Then again the fact that all the species, however complex in 
their fully developed state, begin life as a simple zooid which 
by repeated branching gradually attains the adult complexity, 
is a result of the repetition by each organism, in the course 
of its single life, of the series of changes passed through by 
its ancestors in the course of ages. In other words ontogeny., 
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or the evolution of the individual, is, in its main features, a 
recapitulation of phylogeny or the evolution of the race. 

One other matter must be referred to in concluding the 
present lesson. It is obvious that the evolution of one 
species from another presupposes the occurrence of varia- 
tions in the ancestral form. As a matter of fact such 
individual variation is of universal occurrence : it is a matter 
of common observation that no two leaves, shells, or human 
beings are precisely alike, and in our type genus Zoothani- 
nium the number of zooids, their precise arrangement, the 
details of branching, &c., are all variables. This may be 
expressed by saying that heredity^ according to which the 
offspring tends to resemble the parent in essentials, is 
modified by variability^ according to which the offspring 
tends to differ from the parent in details. If from any 
cause an individual variation is perpetuated there is produced 
what is known as a variety of the species, and, according to 
the theory of the origin of species by evolution, such a 
variety may in course of time become a new species. Thus 
a variety is an incipient species, and a species is a (relatively) 
permanent variety. 

It does not come within the scope of the present work to 
discuss either the causes of variability or those which deter- 
mine the elevation of a variety to the rank of a species : 
both questions are far too complex to be adequately treated 
except at considerable length, and anything of the nature of 
a brief abstract could only be misleading. As a preliminary 
to the study of Darwin's Origin of Species^ the student is 
recommended to read Romaneses Evidences of Organic 
Evolution^ in which the doctrine of Descent is expounded 
as briefly as is consistent with clearness and accuracy. 



LESSON XIV 

FORAMINIFERA, RADIOLARIA, AND DIATOMS 

In the four previous lessons wc have learnt how a uni- 
cellular organism may attain very considerable complexity 
by a process of differentiation of its protoplasm. In the 
present lesson we shall consider briefly certain forms of life 
in which, while the protoplasm of the unicellular body un- 
dergoes com])aratively little differentiation, an extraordinary 
variety and complexity of form is produced by the develop- 
ment of a skeleton^ either in the shape of a hardened cell- 
wall or by the formation of hard parts within the protopiiism 
itself. 

The name Fora era is given to an extensive group of 
organisms which are very common in the sea, some living 
near the surface, others at various depths. They vary in 
size from a sand-grain to a shilling. They consist of variously 
shaped masses of protoplasm, containing nuclei, and pro- 
duced into numerous pseudopods, which are extremely long 
and delicate, and frequently unite with one another to form 
networks, as at X in Fig. 30. The cell-body of these 
organisms is therefore very simple, and may be compared 
to that of a multinucleate Amoeba with fine radiating 
pseudopods. 
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But what gives the Foraminifera their special character is 
the fact that around the protoplasm is developed a cell-wall, 
sometimes membranous, but usually impregnated with cal- 
cium carbonate, and so forming a shell. In some cas^s, as 
in the genus Rotalia (Fig. 30), this is perforated by nume- 
rous small holes, through which the pseudopods are pro- 
truded, in others it has only one large aperture (Fig. 31), 



through which the in'otoplasm protrudes, sending off its 
t)seudopods and sometimes flowing over and covering the 
outer surface of the shell. Thus w'hile in some cases the 
shell has just the relations of a cell-wall with one or more 
holes in it, in others it becomes an internal structure, being 
covered externally as well as filled internally by proto2:)lasm. 

The mode of growth of Foraminifera is largely determined 
by the hard and non-dis^ensible character of the cell-wall, 
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which when once formed is incapable of being enlarged. In 
the young condition they consist of a simple mass of proto- 
plasm covered by a more or less globular shell, having at 
least* one aperture. But in most cases as the cell-body 
grow\s, it protrudes through the aperture of the shell as a 
mass of protoplasm, at first naked, but soon becoming 
covered by the secretion around it of a second compartment 
or chamber of the shell. The latter now consists of two 



Fig. 31.— a, (hagraiii of a l^uramiiiifer in which new cliambers are 
added in a straight line : the smallest first-formed chamber is below, 
the newest and largest is above and communicates with the exterior. 

B, diagram of a Foraminifer in which the chambers are added in a 
fiat spiral : the oldest and smallest chamber is in the centre, the newest 
and largest as before communicates with the exterior. (After 
Carpenter.) 


chambers communicating with one another by a small 
aperture, and one of them — the last formed — communi- 
cating with the exterior. This process may go on almost 
indefinitely, the successive chambers always remaining in 
communication by small apertures through which continuity 
of the protoplasm is maintained, while the last formed 
chamber has a terminal aperture placing its protoplasm in 
free communication with the outer •v^'orld. 
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The new chambers may be added in a straight line (Fig. 
31, a) or in a gentle curve, or in a flat spiral (Fig. 31, 3), 
or like the segments of a Nautilus shell, or more or less 
irregularly. In this way shells of great variety and beauty 



Fig. 32. — Section of one of the more complicated Foraminifera 
(Alveoliua), showing the numerous chambers containing protoplasm 
(dotted), separated by partitions of the shell (white). x 60. (From 
Gegenbaur after Carpenter. ) 


of form are produced, often resembling the shells of Mol- 
lusca, and sometimes attaining a marvellous degree of com- 
plexity (Fig. 32). The student should make a point of 
examining mounted slides of some of the principal genera 
and of consulting the ] dates in Carpenter’s Introduction to 
the Study of Foraminifera (Ray Society, 1862), or in Brady's 
Report on the Foraminifera of the “ ChallengeF^ Expedition, 
in order to get some notion of the great amount of dif- 
ferentiation attained by the shells of these extremely simple 
organisms. 
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The Radiolaria fomi another group of marine animal- 
cules, the numerous genera of which are, like the Foram- 
inifera, amongst the most beautiful of microscopic objects. 
They* also (Fig. 33) consist of a mass of protoplasm giving 
off numerous delicate j)seudopods {psd) which usually have 
a radial direction and sometimes unite to form networks. 
In the centre of the protoplasmic cell-body one or more 
nuclei {nu) of unusual size and complex structure are 
found. 



Fig. 33 . — Lithocircus annularis^ one of the Radiolaria, showing 
central capsule {cent, caps.)^ intra- and extra capsular protoplasm {itU. 
caps, pr,., ext. caps, pr.)^ nucleus (;///), pseudopods {psp}^ silicious skeleton 
{sPe/), and symbiotic cells of Zooxanthella (rr). (After liiitschli. ) 


In the interior of the protoplasm, surrounding the nucleus, 
is a sort of shell, called the cefitral capsule {cent, caps.), 
formed of a membranous material, and perforated by pores 
which place the inclosed or intra-capsular protoplasm {int. 
caps, pr.) in communication with the surrounding or extra- 
capsular {ext. caps. pr.). But besides this simple 

membranous shell there is often develoj^ed, mainly in the 
extra-capsular protoplasm, a skeleton {skcl) formed in the 
majority of cases of ])ure silica, and often of surpassing 
beauty and complexity. One very ^quisite form is shown 
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in Fig. 34 : it consists of three perforated concentric spheres 
connected by radiating spicules : the material of which it is 
composed resembles the clearest glass. 

The student should examine mounted slides of the silicioiis 
shells of these organisms — sold under the name of Poly- 
cysthiecE — and should consult the plates of Maeckel’s Die 
Radiolarie-n : he cannot fail to be struck with the complexity 



34, — Skeleton of a Kadiolarian {Actino^nma)^ consisting of 
three concentric perforated spheres— the two outer partly broken away 
to show the inner — connected by radiating spicules, (hrom Gegcnbaiir 
after Haeckel.) 

and variety attained by the skeletons of organisms which arc 
themselves little more complex than Amoeboe. 


Before leaving the Radiolaria, we must touch upon a 
matter of considerable interest connected with the physio- 
logy of the group. Imbedded usually in the extra-capsular 
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protoplasm are found certain little rounded bodies of a 
yellow colour, often known as “yellow cells” (Fig. 33> 2'). 
Each, consists of protoplasm surrounded by a cell-wall of 
celluTose, and coloured by chlorophyll, with which is asso- 
ciated a yellow pigment of .similar character called diatornin. 

For a long time these bodies were a complete puzzle to 
biologists, but it has now been conclusively proved that they 
are independent organisms resembling the resting condition 
of Haematococcus, and called Zooxa 7 ithella iiutricola. 

Thus an ordinary Radiolarian, such as Lithocircus (Fig. 
33), consists of two quite distinct things, the Lithocircus in 
the .strict sense of the word plus large numbers of Zooxan- 
thellae associated with it. The tw^o organisms multiply quite 
independently of one another : indeed Zooxanthella has 
been observed to multi})ly by fission after the death of the 
associated Radiolarian. 

T'his living together of two organisms is known as sym- 
biosis, It differs essentially from parasitism (see j). 123), in 
which one organism preys upon another, the host deriving 
no benefit but only harm from the presence of the parasite. 
In symbiosis, on the contrary, the two organisms are in a 
condition of mutually beneficial partnershij). The carbon 
dioxide and nitrogenous waste given off by the Radiolarian 
serve as a constant food-supply to the Zooxanthella : at the 
same time the latter by decomposing the carbon dioxide 
provides the Radiolarian with a constant supjily of oxygen, 
and at the same time with two important food-stuffs— starch 
andproteids — which, after solution, diffuse from the protoplasm 
of the Zooxanthella into that of the Radiolarian. The 
Radiolarian may therefore be said to kcej) the Zooxanthell?e 
constantly manured, while the Zooxanthellce in return supply 
the Radiolarian with abundance of oxygen and of ready- 
digested food. It is as if a Haemafococcus ingested by an 
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Amoeba retained its vitality instead of being digested : it 
‘would under these circumstances make use of the caibon 
dioxide and nitrogenous waste formed as products of kata- 
bolism by the Amoeba, at the same time giving off oxygen 
and forming starch and proteids. The oxygen evolved would 
give an additional supply of this necessary gas to the Amoeba, 
and the starch after conversion into sugar and the proteids 
after being rendered diffusible would in part diffuse through 
the cell-wall of the Haematococcus into the surrounding 
protoplasm of the Amoeba, to which they would be a 
valuable food. 

Thus, as it has been said, the relation between a Radio- 
larian and its associated yellow-cells are precisely those 
which obtain between the animal and vegetable kingdoms 
generally. 

The DiatoniaceiC or D/a/oms, as they are often called for 
the sake of brevity, are a group of minute organisms, in- 
cluded under a very large number of genera and species, and 
so common that there is hardly a pond or stream in which 
they do not occur in millions 

Diatoms vary almost indefinitely in form : they may be rod- 
shaped, triangular, circular, and so on. Their essential 
structure is, however, very uniform : the cell-body contains a 
nucleus (Fig. 35, a, ?;?/) and vacuoles (vac), as well as two 
large chromatophores {c//r) of a brown or yellow colour; 
these are found to contain chlorophyll, the characteristic 
green tint of which is veiled, as in Zooxanthella, by diatomin. 
The cell is motile, executing curious, slow, jerky or gliding 
movements caused by the protrusion of delicate threads of 
mucilage from between the valves of the cell-wall : the 
threads are shot out at intervals in a given direction, and, 
by the resistance of the water, the diatom is jerked in the 
opposite direction. 
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The most interesting feature in the organisation of diatoms 
is however the structure of the cell-wall ; it consists of two 
parts or valves (U, c, c. w, c. e^/), each provided with a rim or 



35- “-A, semi-diagrammatic view of a diatom from ils flat face, 
showing cell-wall {c. w) and protoplasm with nucleus two vacuoles 
{vac)^ and two chromatophores {chr). 

B, diagram of the shell of a diatom from the side, i.e., turned on its 
long axis at right angles to A, showing the two valves {f. 7v, c. w') with 
their overlapping girdles. 

C, the same in transverse section. 

D, surface view of the silicious shell of Na 7 >iC 7 i/a t rune at a. 

E, surface view of the silicious shell of Aitlacodiscits soUittianus. 

(D, after Donkin ; K, after Norman.) 

girdle^ and so disposed that in the entire cell the girdle of 
one valve (c, w) fits over that of the other (c. tv) like the 
lid of a pill-box. The cell-wall is impregnated with silica, 
so that diatoms can be boiled in strong acid or exposed to 
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the heat of a flame without losing their form ; the protoplasm 
is of course destroyed, but the flinty cell-wall remains 
uninjured. 

Moreover, the cell-walls or diatoms are remarkable fbr the 
beauty and complexity of their markings, which are in some 
cases so delicate that even now microscopists are not agreed 
as to the precise interpretation of the appearances shown 
by the highest powers of the microscope. Two species are 
shown in Fig. 35 , d and e, but, in order to form some con- 
ception of the extraordinary variety m form and ornamenta- 
tion, specimens of the mounted cell walls should be ex- 
amined and the jflates of some illustrated work consulted. 
(See especiahy Schmidt’s Atlas fiir jDiatomaree//h/nde and 
the earlier volumes of the Quarterly Joti7‘7uil of Micro- 
scopical Science.) 

We see then that while Diatoms are in their essential 
structure as simple as Haematococcus, they have the power 
of extracting silica from the surrounding water, and of 
forming from it structures which rival in beauty of form and 
intricacy of pattern the best work of the metal-worker or 
the ivory-carver. 



LESSON XV 

MUCOR 

The five preceding lessons have shown us how complex a 
cell may become either by internal differentiation of its 
protoplasm, or by differentiation of its cell- wall. In this 
and the following lesson we shall see how a considerable 
degree of specialization may be attained by the elongation of 
cells into filaments. 

Mucor is the scientific name of the common white or grey 
mould which every one is familiar with in the form of a 
cottony deposit on damp organic substances, such as leather, 
bread, jam, &c. For examination it is readily obtained by 
placing a piece of damp bread or some fresh horse-dung 
under an inverted tumbler or bell-jar so as to prevent evapo- 
ration and consequent drying. In the course of two or 
three days a number of delicate white filaments will be seen 
shooting out in all directions from the bread or manure ; these 
are filaments of Mucor. The species which grows on bread 
is called Mucor stolonifer, that on horse-dung, M. mucedo. 

The general structure and mode of growth of the mould 
can be readily made out with the naked eye. It first 
appears, as already stated, in the form of very fine white 
threads projecting from the sur%ee of the mouldy substance ; 
and these free filaments (Figi ’36, hy) can be easily 




Fk;. 36. — Miicor, 

A, portion of mycelium of M. raucedo {viy) with two aerial hypha? 
a. hy), each ending in a sporangium {sp^). 

B, small portion of an aerial hypha, highly magnified, showing pro- 
toplasm ( plsin) and cell-wall (r. %v). The scale above B applies to this 
figure only. 

ch immature sporangium, showing se])tum {sep) and undivided pro- 
toplasm : c'^, mature s])orangium in which the protoplasm has divided 
into spores ; the septum {scp) has become very convex distally, forming 
the columella. 

i)h mature sporangium in the act of dehiscence, showing the spores 
(r/) surrounded by mucilage [g ) ; D*, small portion of the same, more 
highly magnified, showing spicules of calcium oxalate attached to wall. 

E, a columella, left by complete ^^hiscence of a sporangium, showing 
the attachment of the latter as a band. 

The scale above and d' applies to c^, c’*^, d’, and e. 
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F, spores. 

G\ g^, g^, three stages in the germination of the spores. 

H, a group of germinating spores forming a small mycelium. 

— I®, five stages in conjugation, showing two gametes uniting 

to for I]! the zygote (zx^). 

K^, development of ferment cells from submerged hyphi-e. 

(a, C^, I), E, F, G, and K, after Howes ; i, after De Bary.) 

ascertained to be connected with others (my) which form a 
network ramifying through the substance of the bread or 
horse-dung. This network is called a inyceliu7n ; the threads 
of which it is composed are ftiycelial hyphcc ; and the fila- 
ments which grow out into the air and give the characteristic 
fluffy appearance to llie growth are aerial hyphee. 

The aerial hyphte are somewhat thicker than those which 
form the mycelium, and are at first of even diameter through- 
out : they continue to grow until they attain a length, in M. 
mucedo, of 6-8 cm. (two or three inches). As they grow 
their ends are seen to become dilated, so that each is termi- 
nated by a minute knob (a, sp^ : this increases in size and 
darkens in tint until it finally becomes dead black. In its 
earlier stages the knobs may be touched gently without 
injury, but when they have attained their full size the 
slightest touch causes them to burst and apparently to dis- 
appear — their actual fate being quite invisible to the naked 
eye. As we shall see, the black knobs contain spores^ and 
are therefore called spora7igia or spore- cases. 

Examined under the microscope, a hypha is found to be 
a delicate, more or less branched, tube, with a clear trans- 
parent wall (b, c. w) and slightly granular contents {pls 7 ?i) : 
its free end tapers slightly (h), and the wall is somewhat 
thinner at the extremity than elsewhere. If a single hypha 
could be obtained whole and unbroken, its opposite end 
would be found to have much the same structure, and each 
of its branches would also be seen to»end in the same way. 
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So that the mould is simply an interlacement of branched 
cylindrical filaments, each consisting of a granular substance 
completely covered by a kind of thin skin of some^ clear 
transparent material. 

By the employment of the usual reagents, it can be ascer- 
tained that the granular substance is protoplasm, and the 
surrounding membrane cellulose. The protoplasm moreover 
contains vacuoles at irregular intervals and numerous small 
nuclei. 

Thus a hypha of Mucor consists of precisely the same 
constituents as a yeast-cell — protoplasm, containing nuclei 
and vacuoles, surrounded by cellulose. Imagine a yeast- 
cell to be pulled out —as one might pull out a sphere of clay 
or putty — until it assumed the form of a long narrow cylin- 
der, and suppose it also to be pulled out laterally at intervals 
so as to form branches : there would be produced by such a 
process a very good imitation of a hypha of Mucor. We 
may therefore look upon a hypha as an elongated and 
branched cell, so that Mucor is, like Opalina, a multinucleate 
but non-€ellular organism. We shall see directly, however, 
that this is strictly true of the mould only in its young state. 

As stated above, the aerial hyphae are at first of even 
calibre, but gradually swell at their ends, forming sporangia. 
Under the microscope the distal end of an aerial hypha is 
found to dilate (Fig. 36, c^) : immediately below the dilata- 
tion the protoplasm divides at right angles to the long axis 
of the hypha, the protoplasm in the dilated portion thus 
becoming separated from the rest. Between the two a 
cellulose partition or septum {sep^ is formed, as in the ordi- 
nary division of a plant cell (Fig. 10, p. 64). The portion 
thus separated is the rudiment of a sporangium. 

Let us consider precisely what this process implies. Before 
it takes place the protoplasm is continuous throughout the 

M 
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whole organism, which is therefore comparable to the un- 
divided plant-cell shown in Fig. 9, b. As in that case, the 
protoplasm divides into two and a new layer of cellulose is 
formed between the daughter-cells. Only, whereas in the 
ordinary vegetable cell the products of division are of equal 
size (Fig. 10, i), in Mucor they are very unequal, one being 
the comparatively small sporangium, the other the rest of 
the hypha. 

Thus a Mucor-plant with a single aerial hypha becomes, 
by the formation of a sporangium, bicellular : if, as is ordi- 
narily the case, it bears numerous aerial hyphae, each with 
its sporangium, it is multicellular. 

Under unfavourable conditions of nutrition, septa fre- 
quently appear at more or less irregular intervals in the 
mycelial hyphce : the organism is then very obviously multi- 
cellular, being formed of numerous cylindrical cells arranged 
end to end. 

The sporangium continues to grow, and, as it does so, the 
septum becomes more and more convex upwards, finally 
taking the form of a short, club-shaped projection, the colu- 
mella^ extending into the interior of the sporangium (c^) : at 
the same time the protoplasm of the sporangium under- 
goes multiple fission, becoming divided into numerous ovoid 
masses each of which surrounds itself with a cellulose coat 
and becomes a spore (d^ d”, sp), A certain amount of the 
protoplasm remains unused in the formation of spores, and 
is converted into a gelatinous material (^), which swells up 
in water. 

The original cell-wall of the sporangium is left as an 
exceedingly delicate, brittle shell around the spores : minute 
needle-like crystals of calcium oxalate are deposited in it, 
and give it the appearance of being closely covered with 
short cilia (d^). 
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In the ripe sporangium the slightest touch suffices to 
fupture the brittle wall and liberate the spores, which arc 
dispersed by the swelling of the transparent intermediate 
substance. The aerial hypha is then left terminated By the 
columella (e), around the base of which is seen a narrow 
black ring indicating the place of attachment of the 
sporangium. 

The si)ores (f) arc clear, bright-looking, ovoidal bodies 
consisting of protoplasm containing a nucleus and sur- 



Fig. 37. — Moist chamber forrr.' d by cementing a ring of glass or 
metal (c) on an ordinary glass slide (a), and placing over it a cover-slip 
(b), on the under side of which is a hanging drop of nutrient 6uid (p). 
The upper figure shows the apparatus in perspective, the lower in 
vertical section. (From Klein.) 

• 

rounded by a thick cell-wall. A spore is therefore an 
ordinary encysted cell, quite comparable to a yeast-cell. 

The development of the spores is a very instructive process, 
and can be easily studied in the following way : A glass or 
metal ring (Fig. 37, c) is cemented to an ordinary microscopic 
slide (a) so as to form a shallow cylindrical chamber. The 
top of the ring is oiled, and on it is placed a cover glass (b), 
with a drop of Pasteur’s solution on its under surface. 
Before placing the cover-glass in position a ripe sporangium 
of Mucor is touched with the point of a needle, which is 
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then stirred round in the drop of Pasteur’s solution, so as to 
sow it with spores. By this method the drop of nutrient 
fluid i^ prevented from evaporating, and the changes under- 
gone t)y the spores can be watched by examination from time 
to time under a high power. 

The first thing that happens to a spore under these con- 
ditions is that it increases in size by imbibition of fluid, and 
instead of appearing bright and clear becomes granular and 
develops one or more vacuoles. Its resemblance to a 
yeast-cell is now more striking than ever. Next the spore 
becomes bulged out in one or more places (oh Fig. 36), looking 
not unlike a budding Saccharomyces. The buds, however, 
instead of becoming detached increase in length until they 
become filaments of a diameter slightly less than that of the 
spore and somewhat bluntly pointed at the end (g^). These 
filaments continue to grow, giving off as they do so side 
branches (g^) which interlace with similar threads from 
adjacent spores (h). The filaments arc obviously hyphae, 
and the interlacement is a mycelium. 

Thus the statement made in a previous paragraph (p. 161), 
that Mucor is comparable to a yeast-cell pulled out into a 
filament, is seen to be fully justified by the facts of develop- 
ment, which show that the branched hyphae constituting»the 
Mucor-plant are formed by the growth of spores each strictly 
comparable to a single Saccharomyces. 

It will be noticed that the growth of the mycelium is cen- 
trifugal : each spore or group of spores serves as a centre 
from which hyphae radiate in all directions (h), continuing 
to grow in a radial direction until, in place of one or more 
spores quite invisible to the naked eye, we have a white 
patch more or less circular in outline, and having the spores 
from which the growth proceeded in its centre. Owing to 
the centrifugal mode of growth tfie mycelium is always 
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thicker at the centre than towards the circumference, since 
It is the older or more central portions of the hyphae which 
have had most time to branch and become interlaced with 
one another. 

Under certain circumstances a peculiar process of con- 
jugation occurs in Mucor. Two adjacent hypha; send out 
short branches (Fig. 36, i^), which come into contact witn 
one anotlier by their somewhat swollen free ends (i^). In 
each a septum appears so as to shut off a separate terminal 
cell (i^, from the rest of the hypha. The opposed 

walls of the two cells then become absorbed (i'^) and their 
contents mingle, forming a single mass of protoplasm 
(F, the cell-wall of which becomes greatly thickened 
and divided into two layers, an inner delicate and trans- 
parent, and an outer dark in colour, of considerable thick- 
ness, and frequently ornamented with spines. 

Obviously the swollen terminal cells (gam) of the short 
lateral hyphae are gamete^ or cojijugating bodies, and the 
large spore-like structure resulting from their union 

is a zygote. The striking feature of the process is that the 
gametes are non-motile, save in so far as their growth 
towards one another is a mode of motion. In Heteromita 
both gametes are active and free-swimming (p. 41) : in 
Vorticella one is free-swimming, the other fixed but still 
capable of active movement (p. 132); here both conjugating 
bodies exhibit only the slow movement in one direction due 
to growth. 

There are equally important differences in the result of 
the process in the three cases. In Heteromita the proto- 
plasm of the zygote breaks up almost immediately into 
spores ; in Vorticella th^ zygote is active, and the result of 
conjugation is merely increased activity in feeding and fissivc 
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multiplication ; in Miicor the zygote remains inactive for a 
longer or shorter time, and then under favourable conditions 
germifiates in much the same way as an ordinary spore, 
forming a mycelium from which sporangium-bearing aerial 
hyphae arise. A resting zygote of this kind, formed by the 
conjugation of equal-sized gametes, is often distinguished as 
a zygospore. 

Notice that differentiation of a very important kind is 
exhibited by Mucor. In accordance with its comparatively 
large size the function of reproduction is not performed by 
the whole organism, as in all previously studied types, but a 
certain portion of the protoplasm becomes shut off from the 
rest, and to it— as spore or gamete — the office of reproduc- 
ing the entire organism is assigned. So that we have for 
the first time true reproductive organs^ which may be of two 
kinds, asexual— the sporangia, and sexual — the gametes.^ 

In describing the reproduction of Amceba it was pointed 
out (p. 20) that as the entire organism divides into two 
daughter-cells, each of which begins an indej)cndent life, an 
Amoeba cannot be said ever to die a natural death. The 
same thing is true of the other unicellular forms we have 
considered, since in the majority of them the entire organism 
produces by simple fission two new individuals.^ But in 
Mucor the state of things is entirely altered. A compara- 

^ In Mucor no distinction can be drawn between the conjugating 
body (gamete) and the organ which produces it (gonad). See the de- 
scription of the sexual process in Vaucheria (Lesson XVI.) and in 
Spirogyra (Lesson XTX.). 

2 An exception is formed by colonial forms such as Zoothamnium, in 
which life is carried on from generation to generation by the reproduc- 
tive zooids only. In all probability the colony itself, like an annual 
plant, dies down after a longer or shorter time. Moreover the ciliate 
infusoria are found, as already stated (p. y6), to sink into decrepitude 
after multiplying by fission for a long series of generations. 
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lively small part of the organism is set apart for repro- 
duction, and it is only the rej)roductive cells thus fonned — 
spores or zygote — which carry on the life of the species : 
the remainder of the organism having exhausted the 
available food supply and produced the largest possible 
number of reproductive products, dies. That is, all vital 
manifestations such as nutrition cease, and decomposition 
sets in, the protoplasm becoming converted into pro- 
gressivelv simpler compounds, the final stages being chiefly 
carbon dioxide, water, and ammonia. 

Mucor is able to grow either in Pasteur’s or in some 
similar nutrient solution, or on various organic matters such 
as bread, jam, manure, Szc, In the latter cases it appears to 
perform some fermentative action, since food which has 
become “ mouldy ” is found to have experienced a definite 
change in appearance and flavour without actual putre- 
faction. When growing on decomposing organic matter, as 
it often docs, the nutrition of Mucor is saprophytic, but in 
some instances, as when it grows on bread, it seems to 
approach very closely to the holozoic method. M. stolo- 
nifer is also known to send its hyphre into the interior of 
ripe fruits, causing them to rot, and thus acting as a para- 
site. The parasitism in this case is, however, obviously not 
quite the same thing as that of Opalina (p. 123) : the Mucor 
feeds not upon the ready digested food of its host but upon 
its actual living substance, which it digests by the action of 
its own ferments. Thus a parasitic fungus such as Mucor, 
unlike an endo-parasltic animal such as Opalina or a tape- 
worm, is no more exempted from the work of digestion 
than a dog or a sheep : the organism upon which it lives 
is to be looked upon rather as its prey than as its host. 

It is a remarkable circumstance that, under certain con- 
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ditions, Mucor is capable of exciting alcoholic fermentation 
in a saccharine solution. When the hyphae are submerged 
in such a fluid they have been found to break up, forming 
rounded cells (Fig. 36, k^, k^), which not only resemble 
yeast-cells in appearance but are able like them to set up 
alcoholic fermentation. 

The aetial hyphae of Mucor exhibit in an interesting way 
what is known as heliotropism, i.e., a tendency to turn to- 
wards the light. This is very marked if a growth of the 
fungus is placed in a room lighted from one side : the long 
aerial hyphae all bend towards the window. This is due to 
the fact that growth is more rapid on the side of each hypha 
turned away from the light than on the more strongly 
illuminated aspect. 



LESSON XVI 

VAUCHERIA AND CAULERPA 

Stagnant ponds, puddles, and other pieces of still, fresh 
water usually contain a quantity of green scum which in the 
undisturbed condition shows no distinction of parts to the 
naked eye, but appears like a homogeneous slime full of 
bubbles if exposed to sunlight. If a little of the scum 
is spread out in a saucei of water, it is seen to be com- 
posed of great numbers of loosely interwoven green 
filaments. 

There are many organisms which have this general naked- 
eye character, all of them belonging to the a group 

of jdants which includes most of the smaller fresh-water 
weeds, and the vast majority of sea-weeds. One of these 
filamentous Algoe, occurring in the form of dark-green, 
thickly-matted threads, is called Vauc/icna. Besides occur- 
ring in water it is often found on the surface of moist soil, 
e.g.y on the pots in conservatories. 

Examined microscopically the organism is found to consist 
of cylindrical filaments with rounded ends and occasionally 
branched (Fig. 38, a). Each filament has an outer cover- 
ing of cellulose (b, c.7Cf) within which is protoplasm con- 
taining a vacuole so farge that the protoplasm has the 




Fig. ^S'.— Vaticheria. 

A, tangled filaments of the living plant, showing mode of branching, 

B, extremity of a filament, showing cell-wall (r. w) and protoplasm 
with chromatophores {cJir)y and oil-drops (r>). Tlie scale above applies 
to this figure only. 

immature sporangium {spg) separated from the filament by a 
septum {scp) ; C-, mature sporangium witK the spore {sp) in the act of 
escaping ; free-swimming spore, showing cilia, colourless ectoplasm 
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containing nuclei, and endoplasm containing the green chromatophores ; 
the same at the commencement of germination. 
d\ early, and later stages in the development of the gonads, the 
spermary to the left, the ovary to the right ; D^, the fully-formed 
sperm ary {spy) and ovary {ovy\ each separated by a septum (^1^, sep') 
from the filament. 

the ovary after dehiscence, showing the ovum {ov\ with small 
detached portion of protoplasm ; D®, sperms : d'*, distal end of ripe 
ovary, showing sperms {sp) passing through the aperture towards the 
ovum {ov). 

the gonads after fertilisation, showing the oosperm {osp) still 
enclosed in the ovary and the dehisced spermary, 

E^, oosjierm about to germinate : E^, further stage in germination, 
and c^, after Strasburger j C" and O'*, after Sachs ; D and E, after 
Pringsheim. ) 


character of a membrane lining the cellulose coat. 
Numerous small nuclei occur in the protoplasm, as wx^ll as 
oihglobules (6>), and small, close-set, ovoid chromatophores 
{chr) coloured with chlorophyll and containing starch. 

Thus a Vaucheria-plant, like a Mucor-plant, is non-celliilar : 
it is comparalde to a single multinucleate cell, extended in 
one dimension of st>acc so as to take on the form of a 
filament. 

Various modes of asexual reproduction occur in different 
species of Vaucheria : of these we need only consider that 
which obtains in V. sessilis. In this species the end of a 
branch swells up (c^) and becomes divided off by a septum 
{sep)^ forming a sporangium {spg) in principle like that of 
Mucor, but differing in shape. The protoplasm of the 
sporangium does not divide but separates itself from the 
w^all, and takes on the form of a single naked ovoidal spore 
(c^ C'^), formed of a colourless cortical layer containing 
numerous nuclei and giving off cilia arranged in pairs, and 
of an inner or medullary substance containing numerous 
chromatophores. 

The wall of the sporangium splits at its distal end (c^), 
and the contained spdire {sp) escapes and swims freely in the 
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water for some time by the vibration of its cilia (c^). After 
a short active life it comes to rest, develops a cell- wall, arfd 
germinates (c^), i.e,^ gives out one or more processes which 
exteifd and take on the form of ordinary Vaucheria filaments ; 
so that in the present case, as in Mucor (p. 164), the de- 
velopment of the plant shows it to be, to all intents and 
purposes, a single immensely elongated cell, which has 
become multinucleate without any corresponding division of 
the protoplasm. 

In its mode of sexual reproduction Vaucheria differs 
strikingly not only from Mucor, but from all the organisms 
we have hitherto studied. 

The filaments are often found to bear small lateral pro- 
cesses arranged in pairs (d^), and each consisting of a little 
bud growing from the filament and quite continuous with it. 
These are the rudiments of the sexual reproductive organs 
or gonads. The shorter of the two becomes swollen and 
rounded (d-), and afterwards bluntly pointed ovy ) : its 
l)rotoplasm becomes divided from that of the filament, and 
a septum (r)’\ sep') is formed between the two : the new cell 
thus constituted is the ovary . The longer of the two buds 
undergoes further elongation and becomes bent upon itself 
(d 2), its distal portion is then divided off by a septum 
sep) forming a separate cell {spy), the sperniary.- 

Further changes take place which are quite different in 
the two organs. At the bluntly-pointed distal end of the 
ovary the cell-wall becomes gelatinized and the protojfiasm 
protrudes through it as a small prominence which divides 
off and is lost (d^). The remainder of the protoplasm then 
separates from the wall of the ovary and becomes a naked 

^ Usually called the oogoifiw/i. 

“ Usually called the anther idium. 
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cell, the ovum^ or egg-cell (d^ ov\ which, by the gelat.niza- 
tit)n and subsequent disappearance of a portion of the wall 
of the ovary, is in free contact with the surrounding water. 

At the same time the protoplasm of the spermary under- 
goes multiple fission, becoming converted into numerour 
minute green bodies (d^^), each with two flagella, called 
sperinsr These are liberated by the rupture of the spermary 
(d”) at its distal end, and swim freely in the water. 

Some of the sperms make their way to an ovary, and, as 
it has been expressed, seem to grope about for the aperture, 
which they finally pass through (rV'), and are then seen 
moving actively in the space between the aperture and the 
colourless distal end of the ovum. One of them, and prob- 
ably only one, then attaches itself to the ovum and be- 
comes completely united with it, forming the oospervi? a 
body which we must carefully distinguish from the ovum, 
since, while agreeing with the latter in form and size, it 
differs in having incorporated with it the substance of a 
sperm. 

Almost immediately the oosperm (d^, osp) surrounds itself 
with a cellulose wall, and numerous oil-globules are formed 
in its interior. It becomes detached from the ovary, and, 
after a period of rest, germinates (Fd, e^) and forms a new 
Vaucheria plant. 

It is obvious that the fusion of the sperm with the ovum 
is a process of conjugation in which the conjugating bodies 
differ strikingly in form and size, one — the megaga^nete or 
ovum— being large, stationary, and more or less amoeboid : 
the other — the 77iicrogamete or sperm — small, active, and 

^ Frequently called oosphere. 

- Often called sperm atozooids or antherazooids^ 

2 Often 0.2X1^^ oospore. 
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flagellate. In other words, we have a more obvious case of 
sexual differentiation than was found to occur in Vorticella, 
(p. 13^): the large inactive egg-cell which furnishes by far 
the ^eater portion of the material of the oosperm is the 
female gamete ; the small active sperm-cell, the function of 
which is probably (see Lesson XXII.) to furnish additional 
nuclear material, is the male gamete. 

Similarly the oosperm is evidently a zygote, but a zygote 
formed by the union of the highly differentiated gametes, 
ovum and sperm, just as a zygospore (p. 166) is one formed 
by the union of equal sized gametes. 

As we shall see, this form of conjugation — often distin- 
guished as fertilization — occurs in a large proportion of 
flowerless plants, such as mosses and ferns (Lessons XXX. 
and XXXL), as well as in all animals but the very lowest. 
From lowly water-weeds up to ferns and club mosses, and 
from sponges and polypes up to man, the process of sexual 
reproduction is essentially the same, consisting in the conju- 
gation of a microgametc or sperm with a megagamete or 
ovum \ a zygote, the oosperm or unicellular embryo, being 
produced, which afterwards develops into an independent 
plant or animal of the new generation. It is a truly remark- 
able circumstance that what we may consider as the highest 
form of the sexual process should make its appearance so 
low down in the scale of life. 

The nutrition of Vaucheria is purely holophytic ; its food 
consists of a watery solution of mineral salts and of carbon 
dioxide, the latter being split up, by the action of the chro- 
matophores, into carbon and oxygen. 

Mucor and Vaucheria are exaippleS of non-cellular plants 
which attain some complexity by elongation and branching. 
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The maximum differentiation attainable in this way by a 
nbn-cellular plant may be illustrated by a brief description 
of a sea-weed belonging to the genus Caulerpa. 

Caiilerpa (Fig. 39) is commonly found in rock-pools 
between tide-marks, and has the form of a creeping stem 
from which root-Uke fibres are given off downwards and 
branched leaf-like organs upwards. These “ leaves ” may 
attain a length of 30 cm. (i ft,) or more. So that, on a 



Fig. 39. — Caiilerpa scalpelliformis nat. size), showing the steni- 
like, root-like, and leaf-like portions of the non-cellular plant. (After 
Harvey.) 

superficial examination, Caiilerpa appears to be as complex 
an organism as a moss (compare Fig. 39 with Fig. 108, a). 
But microscopical examination shows that the plant consists 
of a single continuous mass of vacuolated protoplasm, 
containing numerous nuclei and green chromatophores and 
covered by a continuous cell-wall. I^arge and complicated 
in form as it is, the whole plant is therefore nothing more 
than a continuous mass of protoplasm exhibiting no cellular 
structure. 



LESSON XVII 

THE DISTINCTIVE CHARACTERS OF ANIMALS AND PLANTS 

Hitherto the words “animal” and “plant” have been 
either avoided altogether or used incidentally without any 
attempt at definition. We are now however in a position to 
consider in some detail the precise meaning of the two words, 
since in the last half-dozen lessons we have been dealing 
with several organisms which can be assigned without hesi- 
tation to one or other of the two great groups of living things. 
No one would dream of calling Paramcecium and Stylonychia 
plants, or Mucor and Vaucheria animals, and we may there- 
fore use these forms as a starting-point in an attempt to form 
a clear conception of what the names plant and aidnial really 
signify, and how far it is possible to place the lowly organisms 
described in the earlier lessons in either the vegetable or the 
animal kingdom. 

Let us consider, first of all, the chief points of resemblance 
and of difference between the indubitable animal Paramcecium 
on the one hand, and the two indubitable plants Mucor and 
Vaucheria on the other. 

In the first place, the essential constituents of all three 
organisms is protoplasm, in which are contained one or more 
nuclei. But in Paramcecium the ‘protoplasm is invested 
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only by a delicate cuticle interrupted at the mouth and anus, 
while in Mucor and Vaucheria the outer layer is formed by 
a firm, continuous covering of cellulose. 

We thus have as the first morphological difference between 
our selected animal and vegetable organisms the absence of 
a cellulose cell-wall in the former and its presence in the 
latter. This is a fundamental distinction, and applies 
equally well to the higher forms. The constituent cells of 
plants are in nearly all cases covered with a cellulose coat 
(p. 60), while there is no case among the higher animals of 
cells being so invested. 

Next, let us take a physiological character. In all three 
organisms there is constant waste of substance which has to 
be made good by the conversion of food material into proto- 
plasm : in other words, constructive and destructive meta- 
bolism are continually being carried on. But when we come 
to the nature of the food and the mode of its reception, we 
meet at once with a very fundamental difference. In Para- 
moecium the food consists cf living organisms taken whole 
into the interior of the body, and the digestion of this solid 
proteinaceous food is the necessary prelude to constructive 
metabolism. In Vaucheria the food consists of a watery 
solution of carbon dioxide and mineral salts — it is liquid 
and inorganic, its nitrogen being in the form of nitrates or 
of simple ammonia compounds. Mucor, like Paramoecium, 
contains no chlorophyll, and is therefore unable to use 
carbon dioxide as a food : like Vaucheria, it is prevented 
by its continuous cellulose investment from ingesting solid 
food, and is dependent upon an aqueous solution. It takes 
its carbon in the form of sugar or some such compound, 
while it can make use of nitrogen either in the simple form 
of a nitrate or an ammonia salt, or in the complex form of 
proteids or peptones. 


N 
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In this case also our selected organismi^ agree with animals 
and plants generally. Animals, with the exception of some 
inte^^al parasites, ingest solid food, and they must all have 
their nitrogen sujiplied in the form of proteids, being unable 
to build up their protoplasm from simpler compounds. 
Plants take their food in the form of a watery solution ; 
th«is^ which possess chlorophyll take their carbon in the 
form of carbon dioxide and their nitrogen in that of a nitrate 
or ammonia salt : those devoid of chlorophyll cannot, ex- 
cept in the case of some bacteria, make use of carbon 
dioxide as a food, and are able to obtain nitrogen either 
from simi)le salts or from proteids. Chlorophyll-less plants 
are therefore nourished partly like green plants, partly like 
animals. 

This difference in the character of the food is connected 
with a morphological difference. Animals have, as a 
rule, an ingestive aperture or mouth, and some kind of 
digestive cavity, either permanent (stomach) or temporary 
(food-vacuole). In plants neither of these structures 
exists. 

Another difference which was referred to at length in an 
early lesson (p. 32), is not strictly one between plants and 
animals, but between organisms with and organisms without 
chlorophyll. It is that in green plants the nutritive processes 
result in deoxidation, more oxygen being given out than is 
taken in ; while in animals and not-green })lants the precise 
contrary is the case. 

There is also a difference in the method of excretion. In 
Paramcecium there is a special structure, the contractile 
vacuole, which collects the superfluous water taken in with 
the food and expels it, doubtless along with nitrogenous and 
other waste matters. In Vaucheya and Mucor there is no 
contractile vacuole, and excretion is simply performed by 
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diffusion from the general surface of the organism into the 
surrounding medium. 

This character also is of some general inportance. **The 
large majority of animals possess a special organ of excretion, 
plants have nothing of the kind. 

Another difference has to do with the general form of the 
organism. Paramoecium has a certain definite and constant 
shape, and when once formed produces no new parts. 
Vaucheria and Mucor are constantly forming new branches, 
so that their shape is always changing and their growth can 
never be said to be complete. 

Finally, we have what is perhaps the most obvious and 
striking disliaction of all. Paramoecium possesses in a con- 
spicuous degree the power of automatic movement ; in both 
Mucor and Vaucheria the organism, as a whole, exhibits no 
automatism but only the slow movements of growth. The 
spores and sperms of Vaucheria are, however, actively 
motile. 

Thus, taking Paramoecium as a type of animals, and 
Mucor and Vaucheria as types of plants, we may frame the 
following definitions : — 

Animals are organisms of fixed and definite form, in which 
the cell-body is not covered with a cellulose wall. They 
ingest solid proteinaceous food, their nutritive processes 
result in oxidation, they have a definite organ of excretion, 
and are capable of automatic movement. 

Plants are organisms of constantly varying form in which 
the cell-body is surrounded by a cellulose wall ; they cannot 
ingest solid food, but are nourished by a watery solution of 
nutrient materials. If chlorophyll is present the carbon 
dioxide of the air serves ^s a source of carbon, nitrogen is 
obtained from simple salts, and the nutritive processes 

N 2 
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result in deoxidation ; if chlorophyll is absent carbon is 
obtained from sugar or some similar compound, nitrogen 
either from simple salts or from proteids, and the process of 
nutrition is one of oxidation. There is no special excretory 
organ, and, except in the case of certain reproductive bodies, 
there is usually no locomotion. 

Let us now apply these definitions to the simple forms 
described in the first eight lessons, and see how far they 
will help us in placing those organisms in one or other of the 
two “kingdoms” into which living things are divided. 

Amoeba has a cell-wall, probably nitrogenous, in the 
resting condition : it ingests solid proteids, its nutrition being 
therefore holozoic : it has a contractile vacuole ; and it 
performs amoeboid movements. It may therefore be safely 
considered as an animal. 

Haematococcus has a cellulose wall : it contains chloro- 
phyll and its nutrition is purely holophytic : a contractile 
vacuole is present in H. lacustris but absent in H. pluvialis : 
and its movements are ciliary. 

Euglena has a cellulose wall in the encysted state : in 
virtue of its chloroj^hyll it is nourished by the absorption of 
carbon dioxide and mineral salts, but it can also ingest solid 
food through a special mouth and gullet : it has a contractile 
vacuole, and performs both euglenoid and ciliary move- 
ments. 

In both these organisms we evidently have conflicting 
characters : the cellulose wall and holophytic nutrition 
would place them both among plants, while from the con- 
tractile vacuole and active movements of both genera and 
from the holozoic nutrition of lEuglena we should group 
them with animals. That the difficulty is by no means 
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easily overcome may be seen mom the fact that both genera 
arb claimed at the present day both by zoologists and by 
botanists. For instance, Prof. Huxley considered Hgema- 
tococcus as a plant, and expressed doubts about Euglbna ; 
Mr. Savillc Kent ranks Haematococcus as a plant and 
Euglena as an animal ; Prof. Sachs and Mr. Thiselton 
Dyer place both genera in the vegetable kingdom ; while 
Profs. Ray Lankester and Biitscbli group them both among 
animals. 

In Heleromita the only cell-wall is the delicate cuticle, 
which in the zygote is firm enough to hold the spore'' up to 
the moment of their escape : food is taken exclusively by 
absorption nnd nutrition is wholly saprophytic : there is a 
contractile vacuole, and the movements are ciliary. 

Here again the characters are conflicting : the probable 
absence of cellulose, the contractile vacuole, and the cilia 
all have an ‘‘ animal ’’ look, but the mode of nutrition is 
that of a fungus. 

In Protomyxa there is a decided preponderance of animal 
characteristics —ingestion of living prey, and both amoeboid 
and ciliary movements. There is no chlorophyll, and the 
composition of the cell-wall is not known. 

In the Mycetozoa, the life-history of which so closely 
resembles that of Protomyxa, the cyst in the resting stage 
consists of cellulose, and so does the cell-wall of the spore : 
nutrition is holozoic, a contractile vacuole is present in the 
flagellulse, and both amoeboid and ciliary movements are 
performed. Here again we have a puzzling combination of 
animal and vegetable characters, and as a consequence we 
find these organisms included among plants — under the 
name of Myxornycetes or “ slime-fungi ” — by Sachs and 
Goebel, while De Bary, Biitschli, and Ray Lankestci place, 
theni in the animal kingdom. 
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In Saccharomyces there is a clear preponderance of 
vegetable characters. The cell-wall consists of cellulose, 
nutrition takes place by absorption and proteids are not essen- 
tial, "there is no contractile vacuole, and no motile phase. 

Lastly, in the Bacteria the cell-wall is composed of cellu- 
lose, nutrition is usually saprophytic, there is no contractile 
vacuole, and the movements are ciliary. So that in all the 
characters named, save in the presence of cellulose and the 
absence of a contractile vacuole, the Bacteria agree with 
Heteromita, yet they are universally — except by Prof. Claus 
— placed among plants, while Heteromita is as constantly 
included among animals. 

We see then that while it is quite easy to divide the higher 
organisms into the two distinct groups of plants and animals, 
any such separation is by no means easy in the case of the 
lowest forms of life. It was in recognition of this fact that 
Haeckel i)roposed, many years ago, to institute a third 
“kingdom,” called Protista^ to include all unicellular organ- 
isms. Although open to many objections in practice, there 
is a great deal to be said for the proposal. From the strictly 
scientific jioint of view it is quite as justifiable to make three 
subdivisions of living things as two : the line between animals 
and plants is quite as arbitrary as that between protists and 
plants or between protists and animals, and no more so : the 
chief objection to the change is that it doubles the difficulties 
by making two artificial boundaries instead of one. 

The important point for the student to recognise is that 
these boundaries are artificial, and that there are no scientific 
frontiers in Nature. As in the liquefaction of gases there is 
a “ critical point ” at which the substance under experiment 
is neither gaseous nor liquid ; as in a mountainous country 
it is impossible to say where mountain ends and valley 
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begins : as in the development of an animal it is futile to 
argue about the exact period when, for instance, the egg 
becomes a tadpole or the tadpole a frog : so in the case 
under discussion. The distinction between the Ijigher 
plants and animals is perfectly sharp and obvious, but when 
the two groups are traced downwards they are found 
gradually to merge, as it were, into an assemblage of organ- 
isms which partake of the characters of both kingdoms, and 
cannot without a certain violence be either included in or 
excluded from either. When any given “ protist ’’ has to 
be classified the case must be decided on its individual 
merits : the organism must be compared in detail with all 
those which resemble it closely in structure, physiology, and 
life-history : and then a balance must be struck and the 
doubtful form i)lacea in the kingdom with which it has, 
on the whole, most points in common. 

It will no doubt occur to the reader that, on the theory of 
evolution, we may acccMint for the fact of the animal and 
vegetable kingdoms being related to one another like two 
trees united at the roots, by the hypothesis that the earliest 
organisms were protists, and that from them animals and 
plants were evolved along divergent lines of descent. And 
in this connection the fact that some bacteria — the simplest 
organisms known and devoid of chlorophyll — may flourish 
in solutions wholly devoid of organic matter, is very 
significant. 



LESSON XVIII 

PENICILLIUM AND AGARICUS 

On-e of the commonest and most familiar of the lower 
organisms is the ‘‘green mould’’ which so quickly covers 
with a thick sage-green growth any organic substances ex- 
posed to damp, such as paste, jam, cheese, leather, &c. 
This mould is a plant belonging, like Mucor, to the group 
of Fungi, and is called Fe7iicillium glaucum. 

Examined with the naked eye a growth of Penicillium is 
seen to have a powdery appearance, and, if the finger is 
passed over it, a quantity of extremely fine dust of a sage- 
green colour comes away. This dust consists, as we shall 
see, of the spores of Penicillium. The best way to study 
the plant is to sow some of the spores in a saucer of 
Pasteur’s solution by drawing a needle or brush over a 
growth of the mould and stirring it round in the fluid. 

It is as well to study the naked eye appearances first. If 
the quantity of spores taken is not too large and they are 
sufficiently well diffused through the fluid, little or no trace 
of them will be apparent to the naked eye. After a few 
days, however, extremely small white dots appear on the 
surface of the fluid ; these increase in size and are seen, 
especially by the aid of a hand-magnifier, to consist of little 
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discs, circular or nearly so in outline, and distinctly tl icker 
in the centre than towards the edge : they float on the fluid 
so that their upper surfaces are dry. Each of these patches 
is a young Penicillium-growlh, formed, as will be •seen 
hereafter, by the germination of a groiij) of spores. 

As the growths are examined day by clay they are found 
to increase steadily in size, and as they do so to become 
thicker and thicker in the middle : their growth is evidently 
centrifugal. The thicker central portion acquires a fluffy 
appearance, and, by the time liie growth has attained a 
diameter of about 4 or 5 mm., a further cons]>icuous change 
takes place : the centre of the patch acquires a pale blue 
tint, the circumference still remaining pure white. When 
the diameter has increased to about 6-10 mm. the colour of 
the centre gradually changes to dull sage-green : around this 
is a ring of light blue, and finally an outer circle of white. 
In all probability some of the growths, several of which will 
most likely occur in the saucer, will by this time be found 
to have come together by their edges : they then become 
completely interwoven, their original boundaries remaining 
evident for some time by their white tint. Sooner or later, 
however, the white is replaced by blue and the blue by sage- 
green, until the whole surface of the fluid is covered by a 
single growth of a uniform green colour. 

Even when they are not more than 2-3 mm, in diameter 
the growths are strong enough to be lifted up from the fluid, 
and are easily seen under a low power to be formed of a 
tough, felt-like substance, the mycelium, Fig. 40, A {my), from 
the upper surface of which delicate threads, the aerial 
hyphcB {a. hy,), grow vertically upwards into the air, while 
from its lower surface similar but shorter threads, the sul^- 
merged hyphee {s. hy.), hang vertically downwards into the 
fluid. • 




F 1 G. 40. — PeniciIHu 7 n glaum m, 

A, Diagrammatic vertical section of a young growth ( x 5), showing 
mycelium (wj), submerged hyphae {s. hy\ and aerinl hypha^ {a. hy\ 

Vj group of spores : i, before commencement of germination ; 2, after 
imbibition of fluid : the remaining three have begun to germinate. 

c, very young mycelium formed by a sgiall group of germinating 
spores. 
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p, more advanced mycelium : the hyplioc have increased in length 
iind begun to branch, and septa {sef) have appeared. 

E, germinating spore {sf) very highly magnified, sentling out one 
short and one long hyjdia, the latter with a short lateral branch, and 
.several septa {sep). Both spore and hypha: contain vacuoles* (7'^rr) in 
their protoplasm. • 

F^-F^, development of the spore-bearing brushes by repeated branch- 
ing of an acddal hypha : the short terminal branches or sterigmata are 
already being constricted to form spores. 

f’*', a fully-developed brush with a row of spores developed from each 
sterigma {sf^sf). 

f'*, a single sterigma with its spores {spy. 

F^, an 01-er-ripe bru^^h in which the siructure is obscured by spores 
which have dropped from the sterigmata. 

F-T), F^-F''^, and f" X 150 : U' x 200 : E x 500. 

As long as the growths arc white or blue in colour no 
powder he detached by touching the aerial liyphaj, 
showing that the spores arc not yet fully formed, but as soon 
as the permanent green hue is attained the slightest touch 
is sufficient to detach large quantities of spores. 

A bit of the felt-like mycelium is easily teased out or torn 
asunder with two needles, and is then found, like actual felt, 
to be formed of a close interlacement of delicate threads (n). 
These are the mycelial hypJicc : they are regularly cylindrical, 
about mm. in diameter, frequently branched, and differ 
in an important particular from the somewhat similar hyjihm 
of Mucor (p. 160). The protoplasm is not continuous, but 
is interrupted at regular intervals by transverse partitions or 
sepia (d, p:, sep). In other words, a hypha of Penicillium 
is normally what a hyjiha of Mucor becomes under un- 
favourable conditions (p. 162), multicellular.^ the septa 

dividing it into separate portions, each of which is 
morphologically comparable to a single yeast-cell. 

Penicillium shows therefore a very important advance in 
structure over the organisms hitherto considered. While in 
these latter the entite organism is either a single cell in 
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the strict sense, or a continuous multinucleate mass of 
protoplasm not divided into cells ; in Penicillium it is a ce//"- 
aggregaje — an accumulation of numerous cells all in organic 
conneetion with one another. As the cells are arranged in 
a single longitudinal series^ Penicillium is an example of a 
//near aggregate. 

Each cell is surrounded, as already described, by a wall 
of cellulose : its protoplasm is more or less vacuolated (e, vac), 
sometimes so much so as to form a mere thin layer within 
the cell-wall, the whole interior of the cell being occupied by 
one large vacuole. Recently, by staining with logwood, 
numerous nuclei have been found, so that the Penicillium 
cell, like an 0 [)alina (p. 123) or a filament of Mucor or Vau- 
cheria, is multinucleate. 

The submerged hyphae have the same structure, but it is 
easier to find their actual ends than those of the mycelial 
hyphae. The free extremity tapers to a blunt point where 
the cellulose wall is thinner than elsewhere (see e). 

The aerial hyphae from the youngest (white) part of a 
growth consist of unbranched filaments, but taken from a 
part which is just beginning to turn blue they are found to 
have a very characteristic appearance (f^ — f’). Each sends 
off from its distal or upper end a larger or smaller number of 
branches which remain short and grow parallel to one 
another : the primary branches (f^, f^) form secondary ones 
(f^), and the secondary tertiary (f^), so that the hypha finally 
assumes the appearance of a little brush or pencil, or more 
accurately of a minute cactus with thick-set forking branches. 
The ultimate or distal branches are short cells called ster/g- 
niata (f*'", st^. 

Next, the ends of the sterigmata become constricted, 
exactly as if a thread were tied round them and gradually 
tightened (f^ f^’), the result being to separate the distal end 
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of the sterigma as a globular daught6t-cell, in very much the 
’same way as a bud is separated in Saccharomyces (p. 73). 
In this way a spore is produced. The process is repeated : 
the end of the sterigma is constricted again and a new spore 
formed, the old one being pushed further onwards. By a 
continual repetition of the same process a longitudinal row 
of spores is formed (k^ f^), of which the proximal or lower 
one is the youngest, the distal or iippar one the oldest. The 
spores grow for some time after their formation, and are 
therefore found to become larger and larger in passing from 
the proximal to the distal end of the chain Sooner or 

later they lose their connection with each other, become 
detachv''\ and fall, covering the whole growth with a fine 
dust which readily adheres to all parts owing to the some- 
what sticky character of the spores. In this stage it is by 
no means easy to make out the structure of the brushes, 
since they are quite obscured by the number of spores 
adhering to them (f"). 

It is at the period of complete formation of the spores that 
the growth turns green. The colour is not due to the pres- 
ence of chlorophyll. Under a high power the spores api^ear 
quite colourless, whereas a cell of the same size coloured 
with chlorophyll would appear bright green. 

The germination of the spores can be readily studied by 
sowing them in a drop of Pasteur’s solution in a moist chamber 
(F’g- 37 j P* 163)* spores, several of which usually adhere 
together, are at first clear and bright (b^) : soon they swell 
considerably, and the protoplasm becomes granular and 
vacuolated (b^) : in this stage they are hardly distinguishable 
from yeast-cells (compare Fig. 12, p. 72). Then one or more 
buds spring from each and elongate into hyphse (b, c), just 
as in Mucor. But the difference between the two moulds is 
soon apparent : by flie time a hypha has grown to a length 
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equal to about six or eight times its own diameter, the pro- 
toplasm in it divides transversely and a cellulose septum is 
formed (d, e, sep) dividing the young hypha into two cells 
(comimre Fig. 36, h, p. 159). The distal cell then elongates 
and divides again, and in this way the hyphae are^ almost from 
the first, divided into cells of approximately equal length. 

The mode of growth of the distal or apical cell of a hypha 
is probably as follows. The free end tapers slightly (e) and 
the cellulose wall thins out as it approaches the apex. The 
protoplasm performing constructive more rapidly than de- 
structive metabolism increases in volume, and its tendency is 
to grow in all directions : as, however, the cellulose mem- 
brane surrounding it is thinner at the apex than elsewhere, 
it naturally, on the principle of least resistance, extends in 
that direction, thus increasing the length of the cell without 
adding to its thickness. Thus the growth of a hypha of 
Penicillium is apical, i.e. takes place only at the distal end, the 
cells once formed ceasing to grow. Thus also the oldest cells 
are those nearest the original spore from which the hypha 
sprang, the youngest those furthest removed from it. 

A process which has been described as sexual, sometimes, but appa- 
rently very rarely, occurs in Penicillium, and is said to consist essentially 
in the conjnj^ation of two gametes having the form of twisted hyph^e, 
and the subsequent development of spores in the resulting branched 
zygote. But as the details of the process are complicated and its sexual 
character is doubtful, it is considered best to do no more than call 
attention to it. The student is referred to Brefeld’s original account of 
the process in the Quarterly Journal of Microscopical Science^ vol. xv., 
p. 342. The so-called sexual reproduction of the closely-allied Eurotiuni 
is described in Huxley and Martin’s Elementary Biology (new edition), 
p. 419, and figured in Howes’s Atlas of Elementary Biology, pi. xix,, 
figs. xxvi. and xxvii. 

The nutrition of Penicillium is essentially like thatof Mucor 
(p. 167). But, as it has been remarked, “it is often content 
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with the poorest food which would be too bad for higher 
fungi. It lives in the human ear ; it does not shun cast-off 
clothes, damp boots, or dried-up ink. Sometimes it contents 
itself witli a solution of sugar with a very little [nitrogenous] 
organic matter, at other times it appears as if it preferred the 
purest solution of a salt with only a trace of organic matter. 
It will even tolerate the hurtful influence of poisonoub 
solutions of copper and arsenious acid^” It flourishes be:t 
in a solution of peptones and sugar. 

This eclecticism in matters of diet is one obvious ex- 
planation of the universal occurrence of Penicillium ; another 
is the extraordinary vitality of the spores. They will ger- 
minate any tcin])erature between 1*5° and 43° C., the 
optimum being about 22° C. They are not killed by a dry 
heat of loS"' C., and some will even survive a temperature 
of 120°. And lastly, they will germinate after being kept 
for two years. 

We have seen that the form of a Penicillium growth is ir- 
regular, and is determined by the surface on which it grows. 
There are, however, certain fungi which are quite constant 
and determinate both in form and size, and are yet found 
on analysis to be formed exclusively of interlaced hyphse, 
that is, to belong to the type of linear aggregates. Among 
the most striking of these arc the mushrooms and toad- 
stools. 

A mushroom i^Agariciis) consists of a stout vertical stalk 
(Fig. 41, A, 5-/), on the upper or distal end of which is borne 
an umbrella-like disc or pileus {p). The lower or proximal 
end of the stalk is in connection with an underground 
mycelium (;//>'), from which it springs. 

On the under side of the pileus are numerous radiating 
vertical plates or lafnellce (/) extending a part or the whole 
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of the distance from the circumference of the pileus to the 
stalk. In the common edible mushroom (Agaricus cam- 
pestris) these lamellae are pink in young specimens, and 
afterwards become dark brown. 



A, Dinc^rn’Vini.'ilic vertical section, showing the stalk {si) springing 
from a n.ycv i.jin \>ny)^ and exi)anding into the pileus {/), on the under 
side of which are the radiating lamelke (/). 

B, transverse vertical section of a lamella, showing the hyphoc {hy) 
turning outwards to form the layer of club-shaped cells (a) from which 
the sterigmata spring. 

C, one of the club-shaped cells {a\ highly magnified, showing its two 
sterigmata {sty), each bearing a spore {sp). 

(b and C after Sachs.) 


The mushroom is too tough to be readily teased out likd’ 
the mycelium of Penicillium, and ifs structure is best in- 
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vestigated by cutting thin sections of various parts and 
e5[amining them under a high power. 

Such sections show the whole mushroom to be composed 
of immense numbers of closely interwoven, branched hj^phce 
(b) divided by numerous septa into cellr. In the stalk the 
hyphae take a longitudinal direction ; in the pileus they turn 
outwards, passing from the centre to the circumference, and 
finally send branches downwards to form the lamellae. Fre- 
quently the hyphie are so closely packed as to be hardly 
distinguishable one from another. 

At the surfaces of the lamellae the hyphae turn outwards, 
so that their ends are perpendicular to the free surfaces of 
those plat^^. Their terminal cells become dilated or club- 
shaped (b, c, ^), and give off two small branches or sterig- 
mata (c, sfg), the ends of which swell up and become 
constricted off as spores These fall on the ground and 

germinate, forming a mycelium from which more or fewer 
mushrooms are in due course produced. 

Thus in point of structure a mushroom bears much the 
same relation to Penicillium as Caulerpa (p. 175) bears to 
Vaucheria. Caulerpa shows the extreme development of 
which a branched non-cellular organism is capable, the 
mushroom how complicated in structure and definite in 
form a simple linear aggregate may become. 


O 
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SPIROGYRA 

Amongst the numerous weeds which form a green scum 
in stagnant ponds and slowly flowing streams, one, called 
Spirogyra^ is perhaps the commonest. It is recognised at 
once under a low j)ower by the long delicate green filaments 
of which it is composed being marked with a regular green 
spiral band. 

Examined under the microscope the filaments are seen to 
be, like the hyphee of Penicillium, linear aggregates, that is, 
to be composed of a single row of cells arranged end to 
end. But in Penicillium the hyphae are frequently branched, 
and it is always possible in an entire hypha to distinguish 
the slightly tapering distal end from the proximal end 
which springs either from another hypha or from a spore. 
In Spirogyra the filaments do not branch, and there is no 
distinction between their opposite ends. 

The cells of which the filaments are composed (Fig. 42, a) 
are cylindrical, covered with a cellulose cel I -wall (c, 7 £>), and 
separated from adjacent cells by septa {sep) of the same 
substance. The protoplasmic cell-body presents certain 
characteristic peculiarities. 

It has been noticed in more than.one instance that in the 



Fig. ^2.—Sptrogyra. 

-A, small portion of a living filament, showing a single cell, with cell- 
wall (c. w), septa {sep) separAing it from adjacent cells, peripheral layer 
of protoplasm {plsni) connected by threads with a central mass contain- 
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ing the nucleus (w//), two spiral chromatophores {ch?'), and pyrenoids 
{pyr), • 

B^, B^, middle portion of a cell, showing two stages in bmary 
fission.* 

c, f6ur stages in dioecious conjugation : in the gonads gou'^) 

are connected by short processes of their adjacent sides : in c*'^ the active 
or male gamete {gam'^) has separated fiom the wall of the gonad {go7i'^) 
preparatory to passing across the connecting bridge to the stationary or 
female gamete {ga?)r) which has not yet separated from its containing 
gonad (g 07 i ’^) : in c* the female gamete {ga77i^) has undergone separation, 
and the male gamete {giif7i^) is in the act of conjugating with it : in c‘^ the 
two have united to form a zygote (zyg) lying in the female gonad, 

D, two stages in monrecious conjugation : in the adjacent cells 
(gonads) have sent out conjugating processes {a ) : in D- conjugation is 
complete, the male gamete having passed through the aperture between 
the conjugating processes and united with the female gamete to form 
the zygote 

E, parthenogenetic formation of zygotes. 

F, fully developed zygote (zygospore). 

(i, early stage in the germination of the zygote. 

(B after Sachs : c after Strasburger : F and (i from Sachs after 
rrmgsheim. ) 


larger cells of plants the development of vacuoles is so ex- 
tensive that the protoplasm is reduced to a thin layer in 
contact with the cell-wall (see pp. 169 and 188). This state 
of things is carried to excess in Spirogyra : the central vacuole 
is so large that the protoplasm (a, pls 7 ?i) has the character 
of a mere delicate colourless membrane within the cell wall : 
to make it out clearly the specimen should be treated with 
a fluid of greater density than water, such as a 10 per cent, 
solution of sodium chloride, which, by absorbing the water 
in the vacuole, causes the protoplasm to shrink aw^ay from 
the cell-wall and so brings it clearly into view. It is to this 
layer of protoplasm that the name prwwrdial utricle is 
applied by botanists, but the student should remember that 
a primordial utricle is not a special constituent of those 
cells in which it occurs, but is merely the protoplasm of a 
vegetable cell in which the vacuole is inordinately large. 

The protoplasm of the cell of Spifogyra is not, however, 
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confined to the primordial utricle ; towards the centre of the 
vacuole is a small irregular mass of protoplasm connected to 
the peripheral layer by extremely delicate protopjasmic 
strands. Imbedded in this central mass is the nucleus {nu), 
which has the form of a biconvex lens and contains a distinCc 
nucleolus. 

The chromatophores differ from anything we have yet 
considered, having the form of green spiral bands {chr), of 
which each cell may contain one (d^) or two coiled inoppo- 
site directions (a). Imbedded in the chromatophores are 
numerous pyrenoids (/ja-, see p. 27), to which the strands 
of protoplasm proceeding from the central nucleus-containing 
mass can be traced. 

The process of growth in Spirogyra is brought about by 
the binary fission of its constituent cells. It takes place 
under ordinary circumstances during the night (i i —12 p.m.), 
but by keepiij^^ the plant cold all night may be delayed until 
morning. 

The nucleiiiii;1divides by die complicated process (mitosis) 
already described in general terms (p. 67), so that two nuclei 
are formed at equal distances from the centre of the cell. 
The cell-body with its chromatophores then begins to 
divide across the middle (u^), the process commencing 
near the cell-wall and gradually proceeding inwards : as it 
goes on cellulose is secreted between the halves of the 
dividing protoplasm so that a ring of cellulose is formed 
lying transversely across the middle of the cell, and in con- 
tinuity externally with the wall (b^). The ring is at first very 
narrow, but as the annular furrow across the dividing cell- 
body deepens, so the ring increases in width, until by the 
time the protoplasm has divided it has become a complete 
partition separating the newly-formed daughter-cells from 
one another. * 
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Any of the cells of a Spirogyra-filamcnt may divide in this 
way, so that the filament grows by the intercalation of new 
cells between the old ones. This is an example of interstitial 
growth. Note its difference from the apical growth which 
was found to take place in Penicillium (p. 190), a difference 
which explains the fact mentioned above (p. 194) that there is 
no distinction between the two ends of a filament of Spirogyra, 
while in Penicillium the proximal and distal ends can always 
be distinguished in a complete hypha. 

^ sexual reproduction of Spirogyra is interesting, as 
being intermediate between the very different processes which 
were found to obtain in Mucor (p. 165) and in Vaucheria 

(p. 172). 

In summer or autumn adjoining filaments become arranged 
l)arallel to one another and the opposite cells of each send 
out short rounded processes which meet (Pig* 42, c^), and 
finally become united by the absorption of the adjacent walls, 
thus forming a free communication between th® two connected 
cells or gonads (gofp.^ As several i)airs of cells on the 

same two filaments unite simultaneously a ladder-like ap- 
pearance is produced. 

The protoplasmic cell bodies (c“, gaud-, ganr) of the two 
gonads become rounded off and form or conjugating 

bodies (sec p. 166, note i) : it is observable that this process 
of separation from the wall of the gonad always takes place 
earlier in one gamete (c^, gand) than in the; other (c^, c^, 
gam^). Then the gamete which is ready first (ganP) passes 
through the connecting canal (c^) and conjugates with the 
other {gam-\ forming a zygote {c^f zyg) which soon surrounds 
itself with a thick cell-wall. It has been ascertained that the 
nuclei of the gametes unite to form the single nucleus of the 
zygote. * 
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Thus, as in Mucor, the gametes are similar and equal- 
sized, and the result of the process is a resting zygote or 
zygospore. But while in Mucor each gamete meets th(j other 
half way, so that there is absolutely no sexual differentftition, 
in Spirogyra, as in Vaucheria, one gamete remains passive, 
and conjugation is effected by the activity of the other. So 
that we have here the very simplest case of sexual differen- 
tiation : the gametes, although of equal size and similar aj)- 
pearancc, are divisible into an active or male cell, correspond- 
ing with the sperm of Vaucheria, and a passive or female 
cell corresponding with the ovum. It will be seer that in 
Spirogyra the whole of the protoplasm of each gonad is used 
up in the formation of a single gamete, whereas in Vaucheria, 
while this is the case with the ovary, numerous gametes 
(sjierms) are formed from the protoplasm of the spermary. 

In some forms of Spirogyra conjugation takes place not 
between opposite cells of distinct filaments, but between 
adjacent cells of the same filament. Each of the gonads 
sends out a short process (d^, a) which abuts against a 
corresponding process from the adjoining cell : the two 
processes are placed in communication with one another by 
a small aperture (d-) through which the male gamete makes 
its way in order to conjugate with the female gamete and 
form a zygote {zyi^)- 

In the ordinary ladder-like method of conjugation the 
conjugating filaments appear to be of opposite sexes, one 
producing only male, the other only female gametes: the plant 
in this case is said to be dioecious^ i.e. has the sexes lodged in 
distinct individuals, and conjugation is a process of cross- 
fertilization. But in the method described in the preceding 
paragrajih the individual filaments are monoecious^ i.e. produce 
both male and female cells, and conjugation is a process of 
self-fertilization. 
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Sometimes filaments are found in which the protoplasm of 
certain cells separates from the wall, and surrounds itself 
with a thick coat of cellulose forming a body which is quite 
indi^inguishable from a zygote (e). There seems to be 
some doubt as to whether such cells ever germinate, but they 
have all the appearance of female cells which for some 
reason have developed into zygote-like bodies without fertil- 
ization. Such development from an unfertilized female 
gamete, although it has not been proved in Spirogyra is 
known to occur in many cases, and is distinguished as 
parthenogenesis. 

When the zygote is fully developed (f) its cell wall is 
divided into three layers, the middle one undergoing a 
peculiar change which renders it waterproof : at the same 
time the starch in its protoplasm is replaced by oil. In this 
condition it undergoes a long period of rest, its structure 
enabling it to offer great resistance to drought, frost, &c. 
Finally it germinates : the two outer coats are ruptured, and 
the protoplasm covered by the inner coat protrudes as a 
club-shaped process (g) which gradually takes on the form 
of an ordinary Spirogyra filament, dividing as it does so into 
numerous cells. 

Thus in the present case, as in Penicillium and the 
mushroom, the multicellular adult organism is originally 
unicellular. 

The nutrition of Spirogyra is purely holophytic : like 
Haematococcus and Vaucheria it lives upon the carbon 
dioxide and mineral salts dissolved in the surrounding 
water. Like these organisms also it decomposes carbon 
dioxide and forms starch only under the influence of 
sunlight. 
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I r was pointed out in a previous lesson (p. 193) that the 
highest ana most complicated fungi, such as the mushrooms, 
are found on analysis to be built up of linear aggregates of 
ceils — to consist of hyphoe so interwoven as to form struc- 
tures often of considerable size and of definite and regular 
form. 

This is not the case with the Algae or lower green plants — 
the group to which Vaucheria, Caulerpa, Spirogyra, the 
diatoms, and, in the view of some authors, Haematococcus 
and Euglena, belong. These agree with fungi in the fact 
that the lowest among them Zooxanthella) are unicellu- 
lar, and others (c\^. Spirogyra) simple linear aggregates ; but 
the higher forms, such as the majority of sea-weeds, have, 
as it were, gone beyond the fungi in point of structure and 
attained a distinctly higher stage of morphological differen- 
tiation. This will be made clear by a study of three typical 
genera. 

Amongst the immense variety of sea- weeds found in rock- 
pools between high and low water-marks are several kinds 
having the form of flat .irregular expansions or of bladder- 
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like masses, of a bright green colour and very transparent. 
One of these is the genus Monostro?na^ of which M. bullosii’m 
is a fresh^water species. 

Examined microscopically the plant (Fig. 43) is found to 
consist of a single layer of close-set, green cells, the cell-walls 
of which are in close approximation, so that the cell-bodies 
appear as if embedded in a continuous layer of transparent 
cellulose. Thus Monostroma, like Spirogyra, is only one 



1^' I G. 43. — Monoslroma. 

A, surface view of M. bullosum, showing Ihe relJs embedded in a 
common layer of cellulose : many of them arc in various stages of 
division. 

B, vertical section of M. laceratum, showing the arrangement of the 
cells in a single layer. 

(a after Keinke : B after Cooke.) 


cell thick (h), but unlike that genus it is not one but many 
cells broad. In other words, instead of being a linear it is 
a superficial aggregate. 

To use a geometrical analogy : — a unicellular organism 
like Htematococcus may be compared to a point ; a linear 
aggregate like Penicillium or Spirogyra to a line ; a superficial 
aggregate like Monostroma to a plane. 

Growth takes place by the binary fission of the cells (a), 
but here again there is a marked and important difference 
from Spirogyra. In the latter the plflne of division is always 
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at right angles to tlie long axis of the filament, so that growth 
t^kes place in one dimension of space only, namely in length. 
In Monostroma the plane of division maybe inclined in any 
direction provided it is perpendicular to the surface of the 
plant, so that growth goes on in two dimensions of space, 
namely in length and breadth. 

Another of the flat, leaf-like, green sea -weeds is the very 
common genus UJva^ sometimes called “sea-lettuce.” It 
consists of irregular, more or less lobed expansions with 
crinkled edges, and under the microscope closely resembles 
Monostroma, with one important difference : it is formed 
not of on^^ but of two layers of cells, and is therefore not a 
su])erricial but a solid aggregate. To return to the geometrical 
analogy used above it is to be compared not to a plane but 
to a solid body. 

As in Monostroma growlh takes place by the binary 
fission of the cells. But these divide not only along variously 
inclined planes at right angles to the surface of the plant 
but also along a plane i)arallcl to the surface, so that growth 
takes place in all three dimensions of space — in length, 
breadth, and thickness. 

Ulva may be looked upon as the simplest example of a 
solid aggregate, being built up of similar cells, and therefore 
exhibiting no cell-differentiation. 

We shall now make a detailed study of a solid aggregate 
in which the constituent cells differ very considerably from 
one another in form and size, the result being a degree or 
complexity far beyond anything we have hitherto met with. 


Nitella (Fig. 44, a) is a not uncommon fresh-water weed, 
found in ponds and wifter-races, and distinguished at once 
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merit {seg) consisting of a proximal internode [int. 7 id) and distal node 
{ 7 icl ) : the leaves (/) arranged in whorls and ending in leaflets ( : the 
rhizoids {rh) : and two branches (^;'), each springing from the axil of a 
leaf and ending, like the main stern, in a terminal bud {term. bud). 

B, distal end of a shoot with gonads attached to the leaves : the 

ovaries ; spy^ the spcrmaries. 

c, distal end of a rhizoid. 

D, distal end of a leaf (/) with two leaflets (/'), showing the ehroma- 
tophores and the white line. The arrows indicate the direction of rota- 
tion of the protoplasm. 

E, distal end of a leaflet, showing the general structure of a typical 
cell of Nitella in optical section : c. the cell-wall ; pis?}d, the quies- 
cent outer layer of protoplasm containing chromatophores {chr) ; plsj/r., 
the inner layer, rotating in the direction indicated by the arrows, and 
containing nuclei (uu ) ; vai, the large vacuole. 

F, terminal bud, partly dissected, showing the nodes (W), internodes 
{tilt. 7 td), and leaf-whorls (/), numbered from i to 4, starting from the 
proximal end ; gr. pt^ growing point. 

G, distal '"ud of a leaf (/) with two leaflets (/'), at the base of which 
are attached a spermary {spy) and two ovaries (ozy). 

from such low Algae as Vaucheria and Spirogyra by its ex- 
ternal resemblance to one of the higher plants, since it 
presents structures which may be distinguished as stem, 
branches, leaves, &c. 

A Nitella plant consists of a slender cylindrical stem, 
some 15-20 cm. and upwards in length, but not more than 
about h mm. in diameter. The proximal end is loosely 
rooted to the mud at the bottom of the stream or pond by 
delicate root-filaments or rhizoids (a, rh) : the distal end is 
free. Springing from it at intervals are circlets or whorls of 
delicate, pointed Icaz^es (/). 

Owing to the regular arrangement of the leaves the stem 
is divisible into successive sections or segments {se^^ each 
consisting of a very short distal division or node (nd) from 
which the leaves spring, and of an elongated proximal 
division or internode {int. nd), which bears no leaves. 

Throughout the greater part of the stem the whorls of 
leaves are disposed at approximately equal distances from 
one another, so that tlie internodes are of equal length, but 
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towards the distal end the internodes become rapidly shorter 
and the whorls consequently closer together, until, at the 
actual distal end, a whorl is found the leaves of which, in- 
stead of spreading outwards like the rest, are curled upwards 
so that their points are in contact. In this way is formed 
the terminal bud (term, bud)^ by which the uninjured stem 
is always terminated distally. 

The angle between the stem and a leaf, above (distal to) 
the attachment of the latter, is called the axil of the leaf. 
There is frequently found springing from the axil of one of 
the leaves in a whorl a branch or shoot {br) which repeats 
the structure of the main stem, i.e, consists of an axis from 
which spring whorls of leaves, the whole ending in a ter- 
minal bud. The axis or stem of a shoot is called a second- 
ary axis^ the main stem of the plant being the prmary axis. 
It is important to notice that both primary and secondary 
axes always end in terminal buds, and thus differ from the 
leaves which have pointed extremities. 

The rhizoids or root-filaments {rh) arise, like the leaves 
and branches, exclusively from nodes. 

In the autumn the more distal leaves present a peculiar 
appearance, owing to the development on them of \\\^ gonads 
or sexual reproductive organs (Fig. 44, b and g) : of these 
the spermaries (antheridia) look very like minute oranges, 
being globular structures {spy) of a bright orange colour : 
the ovaries (oogonia) are flask-shaped bodies {ovy) of a 
yellowish brown colour when immature, but turning black 
after the fertilization of the ova. 

Examined under the microscope each internode is found 
to consist of a single gigantic cell (f, int nd'^) often as much 
as 3 or 4 cm. long in the older parts of the plant. A node 
on the other hand is composed of a tJansverse plate of small 
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cells (nd^ ) separating the two adjacent internodes from one 
aiKDther. The leaves consist each of an elongated proj.imal 
cell like an internode (d, /; f, Z^), then of a few small cells 
having the character of a node, and finally of two or \ln'ee 
leaflets (d, g, /'), each consisting usually of three cells, the 
distal one of which is small and pointed. 

Thus the Nitella plant is a solid aggregate in which 
the cells have a very definite and characteristic arrange- 
ment. 

The details of structure of a single cell are readily made 
out by examining a leaflet under a high power. The cell is 
surrounded by a wall of cellulose (e, c.ui) of considerable 
thickness. Within this is a layer of protoplasm (primordial 
utricle, p. 196), enclosing a large central vacuole (vac)^ and 
clearly divisible into two layers, an outer in im* 

mediate contact with the cell-wall, and an inner ( plsni^) 
bounding the vacuole. 

In the outer layer of protoplasm are the chromatophores 
or chlorophyll- corpuscles {chr) to which the green colour of 
the plant is due. They are ovoidal bodies, about J-,. mm. 
long, and arranged in obliquely longitudinal rows (d). On 
opposite sides of the cylindrical cell arc two narrow ob- 
lique bands devoid of chromatophores and consequently 
colourless (d). The chromatophores contain minute starch 
grains. 

The inner layer of protoplasm contains no chlorophyll 
corpuscles, but only irregular, colourless granules, many of 
which are nuclei (e, im\ see below, p. 211). If the tem- 
perature is not too low this layer is seen to be in active 
rotating movement, streaming up one side of the cell and 
down the other (e), the boundary between the upward and 
downward currents being marked by the colourless bands 
just mentioned, along \fhich no movement takes place (d). 
This rotation of protoplasm is a form of contractility very 
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coibmon in vegetable cells in wiiteh, <?win^^tt> the confinMg 
cell'Wall, no freer movement is possible. 

Tl\e numerous nuclei (e, nu) are rod-like and often 
curvbd : they can be seen to advantage only after staining 
(Fig. 45). Lying as they do in the inner layer of protoplasm, 
they are carried round in the rotating stream. 

In the general description of the plant it was mentioned 
that the stem ended distally in a terminal bud (Fig. 44, a, 
ferm. btid) formed of a whorl of leaves with their apices 
curved towards one another. If these leaves (f, /^) are dis- 
sected away. the node from which they spring is found 
to give rise distally to a very short internodc (/>//. nd’^)^ 
above which is a node (fid^) giving rise to a whorl of very 
small leaves (/^), also curved inwards so as to form a bud. 
Within these is found another segment consisting of a still 
smaller internode (/;//“. nd'^) and node, bearing a whorl of 
extremely small leaves (/^), and within these again a segment 
so small that its parts (mf. ud% /‘^) are visible only under 
the microscope. The minute blunt projections (/'^), which 
are the leaves of this whorl, surround a blunt, hemispherical 
projection //), the actual distal extremity of the plant — 
the g 7 'owijtg point or punctum vegetationis. 

The structure of the growing point and the mode of 
growth of the whole plant is readily made out by examining 
vertical sections of the terminal bud in numerous specimens 
(Fig. 45). 

The growing point is formed of a single cell, the apical 
cell (a, ap. c)j approximately hemispherical in form and about 
^ mm. in diameter. Its cell-wall is thick, and its cell-body 
formed of dense granular protoplasm containing a large 
rounded nucleus (nu) but no vacuole. 

In the living plant the apical cell is** continually undergoing 
binary fission. It divides along a horizontal plane, i.e., a 




Fig. 45. — Nitelld • Vertical sections of the fjrowing point at four 
successive stages. The nodes («^/), internodes [int. nd), and leaf- 
whorls (/) are all numbered in order from the proximal to the distal end 
of the bud, the numbers corresponding in all the figures. The proximal 
segment {//it, nd\ P) in these figures corresponds with the thiid 
segment (w/'. /^) shown in I'dg. 45, F. 

In A, the apical cell {a/>. c) is succeeded by a very rudimentary node 
without leaves : iut. nd} is in vertical section, showing the proto- 
plasm {plsm), vacuole {vac\ and two nuclei (;/?/). 

In B, the apical cell has divided transversely, forming a new apical 
cell {ap. c) and a sub-apical cell {s. ap. r) : the leaves {fl) of nd"^ have 
appeared. 

In c, the sub-apical cell has divided transversely into the proximally- 
situated internode {int. nd^) and the distally-situated node {nct^) of a 
new segment ; in the node the nucleus has divided preparatory to cell- 
division. The previously formed segments have increased in size < int. 
nd^ has developed a vacuole and its nucleus has divided (comp. 
int. nd“ in A) ; int. ikP is shown in surface view with three dividing 
nuclei {nu). 

In D, nd has divided vertically, forming a transverse plate of cells, 
and is now as far advanced jyi nd in A : the nucleus of int. nd^ is in the 
act of dividing, while int. shown in surface view, now contains 
numerous nuclei, some of them in the act of dividing. 
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plane parallel to its base, into two cells, the upper (distal) of 
which is the new apical cell (b, ap. c\ while the lower is now 
distinguished as the sub apical or segmental cell (s. ap. c). 
The sub-apical cell divides again horizontally, forming two 
cells, the uppermost of which (c, ?icl^) almost immediately 
becomes divided by vertical planes into several cells (d, nd ; 
the lower (c, d, ini. nd^) remains undivided. 

The sub-apical cell is the rudiment of an entire segment ; 
the uppermost of the two cells into which it divides is the 
rudiment of a node, the lower of an internode. The future 
fate of the two is shown at once by the node dividing into 
a horizontal i)late of cells while the internode remains 
unicellular. 

Soon the cells of the new node begin to send out short 
blunt processes arranged in a whorl : these increase in size, 
undergo division, and form leaves (a — D, 

These processes are continually being repeated ; the apical 
cell is constantly producing new sub-apical cells, the sub- 
apical cells dividing each into a nodal and an internodal 
cell ; and the nodal cell dividing into a horizontal plate of 
cells and giving off leaves, while the internodal cell remains 
undivided. 

The special characters of the fully-formed parts of the 
plant are due to the unequal growth of the new cells. The 
nodal cells soon cease to grow and undergo but little altera- 
tion (coinp. 7 id^ and nd^\ whereas the internodcs increase 
immensely in length, being quite 3,000 times as long when 
full-grown as when first separated from the sub-apical cell. 
The leaves also, at first mere blunt projections (a, Z^), soon 
increase sufficiently in length to arch over the growing point 
and so form the characteristic terminal bud : gradually they 
open out and assume the normal position, their successors 
of the next younger whorl having in the meantime developed 
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sufficiently to take their place as protectors of the g-^owing 
point. 

The multinucleate condition of the adult mtern(3^es is 
also a result of gradual change. In its young condition an 
internodal cell has a single rounded nucleus (a, int. inf, 
nd^)^ but by the time it is about as long as broad the nucleus 
has begun to divide (d, int, nd'^ , c, i?it, 7 id-)^ and when the 
length of the cell is equal to about twice its breadth, the 
nucleus has broken up into numerous fragments (c, int. nd\ 
D, int. nd'^)j many of them still in active (amitotic) division. 
This repeated fission of the nucleus reminds us of what 
was found to occur in Opalina (p. 123). 

Thus the growth of Nitella like that of Penicillium (p. 
190), is apical: new cells arise only in the terminal bud, 
and, after the first formation of nodes, internodes, and 
leaves, the only change undergone by these parts is an in- 
crease in size accompanied by a limited differentiation of 
character. 

A shoot arises by one of the cells in a node sending 
off a projection distal to a leaf, /.<?., in an axil : the process 
separates from the parent cell and takes on the characters of 
the apical cell of the main stem, the structure of which is in 
this way exactly rei)eatcd by the shoot. 

The leaves, unlike the branches, are strictly limited in 
growth. At a very early period the apical cell of a leaf 
becomes pointed and thick-w'alled (Fig. 44, e), and after this 
no increase in the number of cells takes place. 

The rhizoids also arise exclusively from nodal cells ; they 
consist of long filaments (Fig. 44, c), not unlike Mucor- 
hyphae but occasionally divided by oblique septa into linear 
aggregates of cells, and increase in length by apical growth. 

0 

•The structure of the gonads is peculiar and somewhat 
complicated. 


p 2 
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As we have seen, the spermary (Fig. 44, G, spy) is a 
globular, orange-coloured body attached to a leaf by a short 
stalk. / Its wall is formed of eight pieces or shields^ which 
fit against one another by toothed edges, so that the entire 
spermary may be compared to an orange in which an equa- 
torial incision and two meridional incisions at right angles 
to one another have been made through the rind, dividing 



Fig. 46. — A, diagrammatic vertical section of the spermary of Nitella, 
showing the stalk {stk)^ four of the eight shields (.9//), each bearing on 
its inner face a handle {hn\ to which is attached a head-cell [hd ) : each 
head-cell bears six secondary head-cells (M'), to each of which four 
spermatic filaments {sp. f.) are attached. 

B, one of the proximal shields (j//), with handle {hn')^ head cell {hd\ 
secondary head-cells {hd'), and spermatic filaments {sp. f.). 
c, a single sperm. 

d', II", three stages in the development of the spermary, 

(c, after Howes.) 

it into eight triangular pieces. Strictly speaking, however, 
only the four distal shields are triangular : the four proximal 
ones have each its lower angle truncated by the insertion of 
the stalk, so that they are actually four-sided. 

Each shield (F'ig. 46, a and b, sH^ is a single concavo- 
convex cell having on its inner surface numerous orange- 
coloured chromatophores : owing to the disposition of these 
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on the inner surface only, the spermary appears to have a 
Colourless transparent outer layer— like an orange inclosed 
in a close-fitting glass case. 

Attached to the middle of the inner surface of cad? shield 
is a cylindrical cell, the ha 7 idk {/m% which extends towards 
the centre of the spermary, and, like the shield itself, con- 
tains orange chromatophores. Each of the eight handles 
bears a colourless head-cell (lid), to which six secondary lieai 
cells (lid') are attached, and each of these latter bears four 
delicate coiled filaments (s/>.f.) divided by septa into small 
cells arranged end to end, and thus not unlike the hyphai of 
a fungus. There are therefore nearly two hundred of these 
spermatic f laments in each spermary, coiled up in its interior 
like a tangled mass of white cotton. 

The cells of which the filaments are composed have at 
first the ordinary character, but as the spermary arrives at 
maturity there is produced in each a single sperm (c), having 
the form of a spirally-coiled thread, thicker at one end than 
the other, and bearing at its thin end two long flagella. In 
all probability the sperm proper, i.e., the spirally coiled body, 
is formed from the nucleus of the cell, the flagella from its 
protoplasm. As each of the 20c spermatic filaments con- 
sists of from 100 to 200 cells, a single spermary gives rise 
to between 20,000 and 40,000 sperms. 

When the sperms are formed the shields separate 
from one another and the spermatic filaments protrude 
between them like cotton from a pod : the sperms then 
escape from the containing cells and swim freely in the 
water. 

The ovary (Fig. 44, o, ovy, and Fig. 47 a) is ovoidal in 
form, attached to the leaf by a short stalk (stk\ and ter- 
minated distally by a little chimney-like elevation or crown 
(cr). It is marked externally by spiral grooves which can be 
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traced into the crown, and in young specimens its interior is 
readily seen to be occupied by a large opaque mass (ov): 
Sections show that this central body is the ovum, a large cell 
very rfch in starch : it is connected with the unicellular stalk 
by a small cell (nd) from which spring five spirally-arranged 
cells {sp. c) : these coil round the ovum and their free ends 
— each divided by septa into two small cells — project at the 
distal end of the organ and form the crown, enclosing a 



Flo. 47. — A, vertical section of the ovary of Nitella, showing the 
stalk (sf/:), small node (w/) from which spring the five sjnrally-twisted 
cells (f/. c), each ending in one of the two-celled sections of the crown 
{cr). The ovum contains starch grains, and is represented as trans- 
parent, the spiral cells being seen through it. 

id, surface view, and section of a very young ovary : later 

stage in vertical section : B**, still later stage, surface view, with the 
ovum seen through the transparent spiral cells. Letters as in A, except 
a', small cells formed by division from the base of the ovum. (B“-b'^ 
after Sachs, ) 

narrow canal which places the distal end of the ovum in free 
communication with the surrounding water. 

We saw how the various parts of the fully formed plant — 
nodal, and internodal cells, leaves, and rhizoids — were all 
formed by the modification of similar cells produced in the 
apical bud. It is interesting to find that the same is true of 
the diverse parts of the reproductive organs. 

The spermary arises as a single stalked globular cell which 
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becomes divided into eight octants (Fig. 46, d^). Each of 
these then divides tangentially (j.e. parallel to the surface 
of the sphere) into two cells (d^), the inner of which divides 
again (d'^) so that each octant is now composed of three cells. 
Of these the outermost forms the shield, the middle the 
handle, and the inner the head-cell : from the latter the 
secondary head-cells and spermatic filaments are produced 
by budding. The entire spermary appears to be a modified 
leaflet. 

The ovary also arises as a single cell, but soon divides and 
becomes differentiated into an axial row of three cells (Fig. 
47, B^, oVj nd^ stk) surrounded by five others (sp. c) which arise 
as buds from the middle cell of the axial row {nd) and are 
at first knob-like and upright (b^). The uppermost or distal 
cell of the axial row becomes the ovum (b^ e^, ov)^ the 
others the stalk {stk) and intermediate cells {nd^ x) : the five 
surrounding cells elongate, and as they do so acquire a spiral 
twist which becomes closer and closer as growth proceeds 
(compare — b'^, and Fig. 44, g, 07 y). At the same time the 
distal end of each develops two septa (b'^) and, projecting 
beyond the level of the ovum, forms with its fellows the 
chimney or crown {cr) of the ovary. There is every reason 
to believe that the entire ovary is a highly-modified shoot : 
the stalk representing an internode, the cell nd a node, the 
spiral cells leaves, and the ovum an apical cell. 

Thus while the ciliate Infusoria and Caulerpa furnish ex- 
amples of cell-differentiation without cell-multiplication, and 
Spirogyra of cell-multiplication without cell-differentiation, 
Nitella is a simple example of an organism in which com- 
plexity is obtained by the two processes going on hand in 
hand. It is a solid aggregate, the constituent cells of which 
are so arranged as to produce a well-defined external form. 
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while some of them undergo a more or less striking differen- 
tiation according to the position they have to occupy, and 
the function they have to perform. 




Fig. 48.- -Embryo of Chara, an ally of Nitella, showing the ovary 
(ozry) from the oo.s{)erm in which the embryo has sprung : the two 
nodes {fu/), apical cell {a/>, r), rhizoids (;7/), and leaves (/) of the 
embryo : and the rudiment of the leafy plant (shaded) ending in the 
characteristic terminal bud {term. bud). (After Plowes, slightly altered. ) 


Impregnation takes place in the same manner as in 
Vaucheria (p. 173). A sperm makes its way down the 
canal in the chimney-like crown of cells terminating the 
ovary, and conjugates with the ovum converting it into an 
oosperm. 

After impregnation the ovary, with the contained oosperm, 
becomes detached and falls to the 'bottom, where, after a 
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period of rest, it germinates. The process begins by the 
division of the oosperm into two cells, a small one nearest 
the crown and composed almost wholl}^ of protoplasm, and 
a larger one full of starch granules. The larger cell serves 
simply as a store of nutriment to the growing plant which 
is itself developed exclusively from the small cell. The 
latter divides into two cells one of which grows downwards 
as a root-fibre, the other upwards as a shoot, consisting at 
first of a single row of cells (Fig. 48). Soon two nodes (;/^) 
are formed on the filament, or c 7 nbryo^ from the lower of 
which rhizoids [rh) proceed, while the upper gives rise to a 
few leaves (/), and to a small process which is at first uni- 
cellular, bii^, behaving like an apical cell of Nitella, soon 
becomes a terminal bud (tertn, bud) and grows into the 
adult plant. 

It will be seen that the develoiiment of Nitella is remark 
able for the facts that tlie adult plant is not formed directly 
from the oosi)erm but that the latter gives rise to an embryo, 
quite different from the adult in structure, and that, from 
the embryo, the adult is finally developed as a lateral bud. 
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HYDRA. 

We have seen that with plants, both Fungi and Alg^e, the 
next stage of morphological differentiation after the simple 
unicellular or noivcellular organism is the linear aggregate . 
Among animals there are no forms known to exist in this 
stage, but coming immediately above the highest unicellular 
animals, such as the ciliate Infusoria, we have true solid 
aggregates. The characters of one of the simplest of these 
and the fundamental way in which it differs from the plants 
described in the two previous lessons will be made clear by 
a study of ojie of the little organisms known as “ fresh-water 
polypes ” and placed under the genus Hydra. 

Although far from uncommon in pond-water, Hydra is not 
always easy to find, being rarely abundant and by no means 
conspicuous. In looking for it the best plan is to fill either 
a clear glass bottle or beaker or a white saucer with weeds 
and water from a pond and to let it remain undisturbed for 
a few minutes. If the gathering is successful there will be 
seen adhering to the sides of the glass, the bottom of the 
saucer, or the weeds, little white, tawny, or green bodies, 
about as thick as fine sewing cotton, and 2—6 mm. in 
length. They adhere pretty firmly by one end, and examin- 
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Fig. — Hydra. 

A, Two living specimens of H. viridis attached to a bit of weed. 
The larger specimen is fully expanded, and shows the elongated body 
ending distally in the hypostomc {hyp), surrounded by tentacles (/), and 
three buds {hd>\ bd\ bd^) in different stages of development : a small 
water-flea (a) has been cai)turcd by one tentacle. The smaller specimen 
(to the right and above) is in a stale of complete retraction, the tentacles 
(0 appearing like papilhv. 

B, H. fusca, showing the mouth {mth) at the end of the hypostome 
{hyp), the circlet of tentacles {t\ two spermaries {spy), and an ovary 
{ovy). 

c, a Hydra creeping on a flat surface by looping movements. 

D, a specimen crawling on its tentacles. 

(c and D after W. Marshall.) 
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ation with a pocket lens shows that from the free extremity 
a number of very delicate filaments, barely visible to the 
naked eye, are given off. 

Under the low power of a compound microscope a Hydra 
(Fig. 49 , b) is seen to have a cylindrical body attached by a 
flattened base to a weed or other aquatic object, and bearing 
at its opposite or distalend a conical structure, th^ hyJ>os/o me 
(Jiyp)^ at the apex of which is a circular aperture, the mouth 
(jnth). At the junction of the hypostome with the body 
proper are given off from six to eight long delicate ten- 
tacles (/) arranged in a circlet or whorl. A longitudinal 
section shows that the body is hollow, containing a spacious 
cavity, the entcron (Fig. 50, a, etit. cazf), which communicates 
with the surrounding water by the mouth. The tentacles are 
also hollow, their cavities communicating with the enteron. 

There are three kinds of Hydra commonly found : one, 
H. vulgaris^ is colourless or nearly so ; another, H. fusca^ is 
of a pinkish-yellow or brown colour ; the third, H, viridis^ is 
bright green. In the two latter it is quite evident, even 
under a low power, that the colour is in the inner parts of 
the body-wall, the outside of which is formed by a transparent 
colourless layer (Fig. 49 , a, b). 

It is quite easy to keep a Hydra under observation on the 
stage of the microscope for a considerable time by placing it 
in a watch-glass or shallow “ cell ” with weeds, &c., and in 
this way its habits can be very profitably studied. 

It will be noticed, in the first place, that its form is 
continually changing. At one time (Fig. 49, a, left-hand 
figure) it extends itself until its length is fully fifteen times its 
diameter and the tentacles appear like long delicate filaments: 
at another time (right-hand figure) it contracts itself into an 
almost globular mass, the tentacles then appearing like little 
blunt knobs. 
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Besides these movements of contraction and exi)ansion, 
Hydra is able to move slowly from place to place. This it 
usually does after the manner of a looping caterpillar (Fig. 
49, c) : the body is bent round until the distal end touches 
the surface : then the base is detached and moved nearer the 
distal end, which is again moved forward, and so on. It has 
also been observed to crawl like a cuttle fish (d) by means of 
its tentacles, the body being kept nearly vertical. 

It is also possible to watch a Ilydra feed. It is a very 
voracious creature, and to sec it catch and devour its prey is 
a curious and interesting sight. In the water in which it 
lives are always to be found numbers of “ water-fleas,” minute 
animals froixi about a millimetre downwards in length, 
belonging to the class Crustacea, a group which includes 
lobsters, crabs, shrimps, &c. 

Water-fleas swim very rapidly, and occasionally one may be 
seen to come in contact with a Hydra’s tentacle. Instantly 
its hitherto active movements stop dead, and it remains 
adhering in an apparently mysterious manner to the tentacle. 
If the Hydra is not hungry it usually liberates its prey after 
a time, and the water-flea may then be seen to drop through 
the water like a stone for a short distance, but finally to 
expand its limbs and swim off. If however the Hydra has 
not eaten recently it gradually contracts the tentacle until 
the prey is brought near the mouth, the other tentacles being 
also used to aid in the process. The water-flea is thus forced 
against the apex of the hypostome, the mouth expands 
widely and seizes it, and it is finally passed down into the 
digestive cavity. Hydrse can often be seen with their bodies 
bulged out in one or more places by recently swallowed 
water-fleas. 

• The precise structure of Hydra is best made out by cutting 
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it into a series of extremely thin sections and examining 
them under a high power. The appearance presented by a 
vertical section through the long axis of the body is shown 
in Fig. 50. 

The whole animal is seen to be built up of cells, each 
consisting of protoplasm with a large nucleus (n, c, 7in\ and 
with or without vacuoles. As in the case of most animal 
cells, there is no cell- wall. Hydra is therefore a solid aggre- 
gate: but the way in which its constituent cells are arranged 
is highly characteristic and distinguishes it at once from a 
plant. 

The essential feature in the arrangement of the cells is 
that they are disposed in two layers round the central 
digestive cavity or enteron (a, ent. car) and the cavities of 
tentacles {e7it. cai'). So that the wall of the body is formed 
throughout of an outer layer of cells, the ectodenn {eci), and 
of an inner layer, the cMdoderm (end)^ which bounds the 
enteric cavity. Between the two layers is a delicate trans- 
parent membrane, the inesoglcea, or supporting lamella {insgl). 
A transverse section shows that the cells in both layers are 
arranged radially (b). 

Thus Hydra is a two-layered or diploblastic animal, and 
may be compared to a chimney built of two layers of radially 
arranged bricks with a space between the layers filled with 
mortar or concrete. 

Accurate examination of thin sections, and of specimens 
teased out or torn into minute fragments with needles, shows 
that the structure is really much more complicated than the 
foregoing brief description would indicate. 

The ectoderm cells are of two kinds. The first and most 
obvious (b, ect and c), are large cells of a conical form, the 
bases of the cones being external, their apices internal. Spaces 
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{ent. ccLv), which, as well as the two layers, is continued {ent. cav') into 
the tentacles, and opens externally by the mouth {mth) at the apex^of 
the hypostome {hyp). Between the ectoderm and endoderm is the 
mesogloea represented by a black line. In the ectoderm are seen 

large^fwA ) and small {nic') nematocysts : some 'of the endoderm cells 
are putting out pseiidopods ipsd)^ others flagella {Jl). Two buds {bd\ 
b(P) in different stages of development are shown on the left side, and 
on the right a spermary {sp}^ and an ovary containing a single 

ovum [ov). 

B, portion of a transverse section more highly magnified, showing the 

large ectoderm cells {cct) and interstitial cells {int. c) : two cnidoblasts 
{cnbl) enclosing nematocysts {ntc), and one of them produced into a 
cnidocil {cf7c) : the layer of muscle-processes (w. pr) cut across just 
external to the mesoghra : endoderm cells {end) with large 

vacuoles and nuclei (;^//), pseudopods {psd), and flagella (/?}. The 
endoderm cell to the right has ingested a diatom (a), and alT enclose 
minute black granules. 

C, two of the large ectoderm cells, showing nucleus [nk) and muscle- 
process (w. /;*). 

D, an endoderm cell of H. viridis, showing nucleus [jm)^ numerous 
chromatophores (r//r), and an ingested nematocyst {7iic). 

E, one of the larger nematocysts with extruded thread barbed at the 
base. 

F, one of the smaller nematocysts. 

G, a single sperm. 

(D after Lankestcr : F and G after Howes.) 

are necessarily left between their inner or narrow ends, ^nd 
these are filled up with the second kind of cells (/>?/. <r), small 
rounded bodies which lie closely packed between their larger 
companions and are distinguished as i}iterstiiial cells. 

The inner ends of the large ectoderm cells are continued 
into narrow, pointed prolongations (c, m. pr\ placed at right 
angles to the cells themselves and parallel to the long axis of 
the body. There is thus a layer of these longitudinally- 
arranged muscle-processes lying immediately external to the 
mesogloea ( b , m. pr). They appear to possess, like the axial 
fibre of Vorticella (p. 129), a high degree of contractility, the 
almost instantaneous shortening of the body being due, in 
great measure at least, to their rapid and simultaneous 
contraction. It is probably correct to say that, while the 
ectoderm cells are both contractile ‘and irritable, a special 




F](r. 51. — Hydra. 

A, A neniatocysl contained in its cnidoblast {enh)^ showing the coiled 
filament and the cnidocil {cue). 

B, The same after extrusion of the thread, showing the larger and 

smaller barbs at the base of the thread, the nucleus of the 

cnidoblast. 

c, A cnidoblast, with its contained nematocyst, connected with one 
of the processes of a nerve-cell (uv, c), 

{After Schneider.) • 

Q 
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degree of contractility is assigned to the muscle-processes 
while the cells themselves are eminently irritable, the slightest* 
stimulus applied to them being followed by an immediate 
contraction of the whole body. 

Imbedded in some of the large ectoderm cells arc found 
clear, oval sacs (a and b, nU)j with very well-defined walls 
and called nematocysts. Both in the living specimen and in 
sections they ordinarily present the appearance shown in 
Fig. 50, B. ntc^ and Fig. 51 a, but are frequently met with 
in the condition shown in Fig. 50 E, and Fig. 51 b; that 
is, with a short conical tube protruding from the mouth of 
the sac, armed near its distal end with three recurved 
barbs besides several similar processes of smaller size, 
and giving rise distally to a long, delicate, flexible fila- 
ment. 

Accurate examination of the nematocysts shows that the 
structure of these curious bodies is as follows. Each con- 
sists of a tough sac (Fig. 51, a), one end of which is turned 
in as a hollow pouch : the free end of the latter is continued 
into a hollow coiled filament, and from its inner surface 
project the barbs. The whole space between the wall of 
the sac and the contained pouch and thread is tensely filled 
with fluid. When pressure is brought to bear on the outside 
of the sac the whole a])paratus goes off like a harpoon-gun 
(b), the compression of the fluid forcing out first the barbed 
pouch and then the filament, until finally both are turned 
inside out. 

It is by means of the nematocysts — the resemblance of 
which to the trichocysts of Paramoecium (p. 113) should be 
noted — that the Hydra is enabled to paralyze its prey. Prob- 
ably some specific poison is formed and ejected into the 
wound with the thread : in the larger members of the group 
to which Hydra belongs, such as jelly-fishes, the nematocysts 



XXI 


NEMATOCYSTS 


227 


produce an effect on the human skin quite like the sting of 
a nettle. 

The nematocysts are formed in special interstitial cells 
called cnidoblasts (Fig. 50, b, cnbl and Fig. 51), and are thus 
in the first instance at a distance from the surface. But the 
cnidoblasts migrate outwards, and so come to lie quite 
superficially either in or between the large ectoderm cells. 
On its free surface the cnidoblast is produced into a delicate 
pointed process, the cfiidocil or “ trigger-hair ” (endj. In all 
probability the slightest touch of the cnidocil causes con- 
traction of the cnidoblast, and the nematocyst, thus com- 
pressed, instantly explodes. 

Nematocysts are found in the distal part of the body, but 
are absent from the foot or proximal end, where also -there 
are no interstitial cells. They are especially abundant in the 
tentacles, on the knob-like elevations of which — due to little 
heaps of interstitial cells -they are found in great numbers. 
Amongst these occur small nematocysts with short threads 
and devoid of barbs (Fig. 50, a, ntc and f). 

Tl\ere are sometimes found in connection with the cnido- 
blasts smlSdl irregular cells with large nuclei : they are called 
7ierve‘-celis 51, c, nv. c\ and constitute a rudimentary 
nervom'fkj'sbe/n, the nature of which will be more con- 
venienlljr discussed in the next lesson (p. 242). 

The ectoderm cells of the foot differ from those of the rest 
of the body in being very granular (Fig. 50 a). The 
granules are ptobably the material of the adhesive substance 
by which the Hydra fixes itself, and are to be looked upon as 
products of destructive metabolism ; t\e. as being formed by 
conversion of the protoplasm in something the same way as 
starch granules (p. 33). This process of formation in a cell 
of a definite product which accumulates and is finally dis- 
charged at the free surface of the cell is called secretion, 

Q 
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and the cell j^erforniing the function is known ns 3 
cell. 

• 

The*endoderm consists for the most part of large cells 
which exceed in size those of the ectoderm, and are re- 
markable for containing one or more vacuoles, sometimes 
so large as to reduce the protoplasm to a thin superficial 
layer containing the nucleus (Fig. 50, a and b, end). Then 
again, their form is extremely variable, their free or inner 
ends undergoing continual changes of form. This can be 
easily made out by cutting transverse sections of a living 
Hydra, when the endoderm cells are seen to send out long 
blunt pseudopods {psd) into the digestive cavity, and now 
and then to withdraw the pseudopods and send out from 
one to three long delicate flagella {fl). Thus the endoderm 
cells of Hydra illustrate in a very instructive manner the 
essential similarity of flagella and pseudo})ods already re- 
ferred to (p, 51). In the hypostome the endoderm is thrown 
into longitudinal folds, so as to allow of the dilatation of 
the mouth in swallowing. 

Amongst the ordinary endoderm cells are found long 
narrow cells of an extremely granular character. TJiey are 
specially abundant in the distal part of the body, beneath 
the origins of the tentacles, and in the hypostome, but are 
absent in the tentacles and in the foot. There is no doubt 
that they are gland-cells, their secretion being a fluid used 
to aid in the digestion of the food. 

In Hydra viridis the endoderm-cells (d) contain chroma- 
tophores (chr) coloured green by chlorophyll, which performs 
the same function as in plants, so that in this species holozoic 
is supplemented by holophytic nutrition. There is reason 
for believing that the chromatophores^are to be regarded as 
symbiotic algoe, like those found in connection with Radio- 
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laria (p. 154). In H. fusca bodies resembling these chrrmato- 
* phores are present, but are of an orange or brown colour, and 
devoid of chlorophyll. Brown and black granules occurring 
in the cells (b) seem to be due in part to the degenei^tion of 
the chromatophores, and in part to be ])roducts of excretion. 

Muscle-processes exist in connection with the endoderm 
cells, and they are said to take a transverse or circular 
direction, at right angles to the similar processes of 
the ectoderm cells. 

When a water-flea or other minute organism is swallowed 
by a Hydra, it undergoes a gradual process of disintegration. 
The process is begun by a solution of the soft parts due to 
the action of a digestive fluid secreted by the gland-cells of 
the endoderm ; it is apparently completed by the endoderm 
cells seizing minute i)articlcs with their pseudopods and 
engulfing them quite after the manner of Amoebte. It is 
often found that the protrusion of pseudopods during 
digestion results in tiie almost complete obliteration of the 
enteric cavity. 

It would seem therefore that in Hydra the process of 
digestion or solution of the food is to some extent at least 
intra-celluiar\ i,e.^ takes place in the interior of the cells 
themselves, as in Amoeba or Paramoecium : it is however 
mainly extra-cellular or enteric i,e.^ is performed in a special 
digestive cavity lined by cells. 

The ectoderm cells do not take in food directly, but are 
nourished entirely by diffusion from the endoderm. Thus 
the tw^o layers have different functions : the ectoderm is pro- 
tective and sensory ; it forms the external covering of the 
animal, and receives impressions from without ; the endo- 
derm, removed from direct communication with the outer 
world, performs a nutrient function, its cells alone having 
the power of digesting food. 
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The essential difference between digestion and assimilation 
is here plainly seen : all the cells of Hydra assimilate, ail 
are constantly undergoing waste, and all must therefore form 
new ] 5 rotoplasm to make good the loss. But it is the endo- 
derni cells alone which can make use of raw or undigested 
food : the ectoderm has to depend upon various products of 
digestion received by osmosis from the endoderm. 

It will be evident from the preceding description that 
Hydra is comparable to a colony of Amoebae in which par- 
ticular functions are made over to particular individuals — 
just as in a civilized community the functions of baking and 
butchering are assigned to certain members of the commu- 
nity, and not performed by all. Hydra is therefore an ex- 
ample of individmiion : morphologically it is equivalent 
to an indefinite number of unicellular organisms : but, 
these acting in concert, some taking one duty and some 
another, form, physiologically speaking, not a colony of 
largely independent units, but a single multicellular in- 
dividual. 

Like many of the organisms which have come under 
our notice. Hydra has two distinct methods of reproduction, 
asexual and sexual. 

Asexual multiplication takes place by a process of budding. 
A little knob appears on the body (Fig. 49, a, bd^)^ and is 
found by sections to arise from a group of ectoderm cells ; 
soon however it takes on the character of a hollow out- 
pushing of the wall containing a prolongation of the enteron, 
and made up of ectoderm, mesogloea, and endoderm. (Fig. 
50, A, bd^). In the course of a few hours this prominence 
enlarges greatly, and near its distal end six or eight hollow 
buds appear arranged in a whorl (Fig. 49, a, bd^', Fig. 50, 
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A, bd'^'). These enlarge and take on' the characters of ten- 
* tacles ; a mouth is formed at the distal end of the bud, 
which thus acquires the character of a small Hydra (Fig, 
49, A, bd ''). Finally the bud becomes constricted at tts base, 
separates from the parent, and begins an independent ex- 
istence. Sometimes, however, several buds are produced at 
one time, and each of these buds again before becoming 
detached ; in this way temporary colonies are formed. Put 
the buds always separate sooner or later, although they 
frccpiently begin to feed while still attached. 

It is a curious circumstance that Hydra can also be mul- 
tiplied by artificial division : the experiment has been tried 
of cutting the living animal into pieces, each of which was 
found to grow into a perfect individual. 

As in Vaucheria and Nitella, the sexual organs or gonads 
are of two kinds, spenuaries and ovaries. Both are found 
in the same individual. Hydra being, like the plants just 
mentioned, hermaphrodite or moncecious. 

The spermaries (Fig. 49, b, and Fig. 50, a, spy) are white 
conical elevations situated near the distal end of the body : 
as a rule not more than one or two are present at the same 
time, but there may be as many as twenty. They are per- 
fectly colourless, even in the green and brown species, being 
obviously formed of ectoderm alone. 

In the immature condition the spermary consists of a little 
heap of interstitial cells covered by an investment of some- 
what flattened cells formed by a modification of the ordinary 
large cells of the ectoderm. When mature each of the small 
internal cells becomes converted into a sperm (Fig. 50, g), 
consisting of a small ovoid head formed from the nucleus of 
the cell, and of a long vibratile tail formed from its proto- 
plasm. By the rupture of the investing cells or wall of the 
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spermary the sperms are liberated and swim freely in the 
water. 

The ovaries (Fig. 49, k, and Fig. 50, a, ovy) are found 
near the proximal end of the body, and vary in number from 
one to eight. When ripe an ovary is larger than a spermary, 
and of a hemispherical form. It begins, like the spermary, 
as an aggregation of interstitial cells, so that in their earlier 
stages the sex of the gonads is indeterminate. But while 



Fig. 52.- A, f )vnni of Hydra showing pseu(1f)])()(ls, inicleus 

{gv), an(i numerous ehromatophores and yolk spheres. 

B, a single yolk s[)here. (From Balfour after Kleincnherg. ) 

in the spermary cacli cell is converted into a sperm, in the 
ovary one cell soon begins to grow faster than the rest 
becomes amoeboid in form (Fig. 50, a, ov^ and Fig. 52, a), 
sending out pseudopods amongst its com])anions and ingest- 
ing the fragments into which they become broken up, thus 
continually increasing in size at their expense. Ultimately 
the ovary comes to consist of this single amoeboid ovum^ 
and of a layer of superficial cells fofming a capsule for it. 
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As the ovum grows yolk-spheres (Fig. 52), small rounded 
mfisses of proteid material, are formed in it, and in H/dra 
viridis it also acquires green chromatophores. 

When the ovary is ripe the ovum draws in its pseudopods 
and takes on a spherical form : the investing layer then 
bursts so as to lay bare the ovum and allow of the free access 
to it of the sjierms. One of the- latter conjugates with the 
ovum, producing an oosperm or unicellular embryo. 

The oosperm divides into a number of cells, the outer- 
mQst of which becomes changed into a hard shell or capsule. 
The embryo, thus protected, falls to the bottom of the water, 
and after a peiiod of rest develops into a Hydra. As, how- 
ever, there are certain abnormal features about the develop- 
ment of this genus which cannot well be understood by the 
beginner, it will not be described in detail, but the very 
important series of changes by which the oosperm of a 
multicellular animal becomes converted into the adult will 
be considered in the next lesson. 
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HYDROID POLYPES : — POUGAINVILLEA, DIPHYES, AND PORPITA. 

It was stated in the previous lesson (p. 231) that in a 
budding Hydra the buds do not always become detached 
at once, but may themselves bud while still in connection 
with the parent, temporary colonies being thus produced. 

Suppose this state of things to continue indefinitely : the 
result would be a tree-like colony or compound organism 
consisting of a stem with numerous branchlets each ending 
in a Hydra-like zooid. Such a colony would bear much the 
same relation to Hydra as Zoothamnium bears to Yorticella 
(see p. 134). 

As a matter of fact this is precisely what happens in a 
great number of animals allied to Hydra and known by the 
name of Zoophytes or Hydroid polypes. 

Every one is familiar with the common Sertularians of the 
sea-coast, often mistaken for sea-weeds : they are delicate, 
much-branched, semi-transparent structures of a horny con- 
sistency, the branches beset with little cups, from each (jf 
which, during life, a Hydra-like body is protruded. 

A very convenient genus for our purpose is Bougainvillea, 
a hydroid polype found in the form of little tufts a few 
centimetres long attached to rocks and other submarine 
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Fig. 53 . — Bougainvillea ramosa. 

A, a complete living colony of the natural size, showing the branched 
stem and root-like organ of attachment. 

B, a portion of the same mngnified, showing the branched stem bear- 

ing hydranths and mednsce (med), one of the latter nearly mature, 
the others undeveloped : each hydranth has a circlet of tentacles (/) 
surrounding a hypostome and contains an enteric cavity {enl. cav) 

continuous with a narrow canal {ent. cav') in the stem. The stem is 
covered by a cuticle {cu). 

c, a medusa after liberation from the colony, showing the bell with 
tentacles (/), velum {v)f manubrium {mnh)^ radial {rad. c) add circular 
{cir. c) canals, and eye -spots* (<7c). (After Allman.) 
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objects. E"ig. 53, a, shows a colony of the natural size, u a 
part of it magnified : it consists of a much-branched stem of 
a yellowish colour attached by root-like fibres to the support. 
I'ht branches terminate in little Hydra-like bodies called 
hydranths (b, /tyd), each with a hypostome {/lyp) and circlet of 
tentacles (/). Lateral branchlets bear bell-shaped structures 
or 7 ficduscc {/ncd ) : these will be considered presently. 

Sections show that the hydranths have essentially the 
structure of a Hydra, consisting of a double layer of cells 
— ectoderm and endoderm — separated by a supporting 
lamella or mesogl<.ea, and enclosing a digestive cavity {e?iL 
cav) which opens externally by a mouth placed at the 
summit of the hypostome. 

The tentacles, however, differ from those of Hydra in two 
important respects. In the first place they are solid : the 
endoderm iiistead of forming a lining to a prolongation of 
the enteron, ('(insists (Fig. 55, C 7 id^ of a single axial row of 
large cells with thick cell-walls and vacuolated protoplasm, 
'fhen in the position of the muscle-processes of Hydra there 
is a layer of spindle-shaped fibres (w./), many times 
longer than broad, and provided each with a nucleus. Such 
musck-fibres are obviously cells greatly extended in length, so 
that the ectoderm cell of Hydra with its continuous muscle- 
p?’Ocess is here represented by an ectoderm cell with an 
adjacent muscle-rdV/. We thus get a partial intermediate 
layer of cells between the ectoderm and endoderm in 
addition to the gelatinous mesogloea, and so, while a hydroid 
polyp is, like Hydra, diploblastic (p. 222), it shows a tendency 
towards the assumption of a three-layered or triploblastic 
condition. 

The stem is formed of the same layers and contains a 
cavity {ent. cav) continuous with those of the hydranths, 
and thus the structure of a hydroid^ polype is, so far, sirnply 
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that of a Hydra in whicli the process of budding lias 
gorfe on to an indefinite extent and without separation of 
the buds. 



Fi(i. 54. Portion of the tentacle of a Zoophyte {Eucopc/hi). 

In the lower part of the fii^iirc are ‘^ecn the ectoderm cells [ect) with 
the nematocysts In the middle part the ectoderm is removed, and 

the muscle-fibres (w./) and nerve-cells {nv, t) arc exposed. In the 
upper part the muscitlar and nervous layer is removed, and parts of two 
endoderm cells (tv/r/) are shown ; w/, nucleus. 

(From Parker and Ilaswell, after von Lcndenfeld.) 


There is however an additional layer added in the stem 
for protective and strengthening purposes. It is evident 
that a colony of the size shown in Fig. 53, a, would, if formed 
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only of soft ectodermal and endodermal cells, be so weak as 
to be hardly able to bear its own weight even in water. To 
remedy this a layer of transparent, yellowish substance of 
horAy consistency, called the cuticle, is developed outside 
the ectoderm of the stem, extending on to the branches and 
only stopping at the bases of the hydranths and medusae. 
It is this layer which, when the organism dies and decays, 
is left as a semi-transparent branched structure resembling 
the living colony in all but the absence of hydranths and 
medusae. The cuticle is therefore a supporting organ or 
skeleton, not, like our own bones, formed in the interior 
of the body (endoskeleion), but like the shell of a crab 
or lobster lying altogether outside the soft parts (exo- 
skeleton). 

As to the mode of formation of the cuticle : — we saw that 
many organisms, such as Amoeba and Haematococcus, form, 
on entering into the resting condition, a cyst or cell-wall, by 
secreting or separating from the surface of their protoplasm 
a succession of layers either of cellulose or of a transparent 
horn-like substance. But Amoeba and Hcematococcus are 
unicellular, and are therefore free to form this protective 
layer at all parts of their surface. The ectoderm cells of 
Bougainvillea on the other hand are in close contact with 
their neighbours on all sides and with the mesogloea at their 
inner ends, so that it is not .surprising to find the secretion 
of' skeletal substance taking place only at their outer ends. 
As the process takes place simultaneously in adjacent cells, 
the result is a continuous layer common to the whole 
ectoderm instead of a capsule to each individual cell. It is 
to an exoskeletal structure formed in this way, i.e. by the 
secretion of successive layers from the free faces of adjacent 
cells, that the name cuticle is in strictness applied in multi- 
cellular organisms. ® 
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The medusse (b, med. and c), mentioned above as occur- 
ring on lateral branches of the colony, are found in various 
stages of development, the younger ones having a nearly 
globular shape, while when fully formed each resemble* a 
bell attached by its handle to one of the branches of the 
colony and having a clapper in its interior. When quite 
mature the medusse become detached and swim off as little 
jelly-fishes (c). 

The structure of a medusa must now be described in 
some detail. I'he bell or umbrella (y) is formed of a gc.'la- 
tlnous substance (Fig. 55, d, msgl^ covered on both its inner 
surface or sub-umbrella and on its outer surface or ex-umbrella 
by a thin Inyer of delicate cells {eel). The clapper-like 
organ or manubrium (J<'ig. 53, c and Fig. 55 d and d', mnb) 
is formed of two layers of cells, precisely resembling the 
ectoderm and eiidoderm of Hydra, and separated by a thin 
mesogkjea; it is hollow, its cavity (Fig. 55, o, e?it. cav) open- 
ing below, ix. at its distal or free end, by a rounded aperture, 
the mouth used by the medusa for the ingestion of 

food. At its upper (attached or proximal) end the cavity of 
the manubrium is continued into four narrow, radial canals 
(Fig. 53, c, rad. q and Fig. 54, i) and d' rad) which extend 
through the gelatinous substance of the umbrella at equal 
distances from one another, like four meridians, and finally 
open into a circular canal {cir. c) which runs round the edge 
of the umbrella. The whole system of canals is lined by a 
layer of cells (Fig. 55, d and d', e?id) continuous with the 
inner layer or endoderm of the manubrium ; and extending 
from one canal to another in the gelatinous substance of the 
umbrella is a delicate sheet of cells, the endoderm-lamella 
(o', end. la). 

From the edge of the umbrella four pairs of tentacles 
(Fig. 53, c and Fig. 55, 1 ), t) are given off, one pair corres- 
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ponding to each radial canal, and close to the base of each 
tentacle is a little speck of pigment (Fig. 53, oc\ the ocelius 
or eye-spot. Lastly, the margin of the umbrella is continued 
inwards into a narrow circular shelf, the vehiin (z^). 

At first sight there appears to be very little resemblance 
between a medusa and a hydranth, but it is really quite 
easy to derive the one form from the other. 

Suppose a simple polype or Hydra-like body with four 
tentacles (Fig. 55, a, a') to have the region from which the 
tentacles spring pulled out so as to form a hollow, trans- 
versely extended disc (b). Next, suppose this disc to become 
bent into the form of a cup with- its concavity towards the 
Jiypostome, and to undergo a great thickening of its meso- 
gloea. A form would be produced like c, i.e. a medusa-like 
body with umbrella and manubrium, but with a continuous 
cavity (c', ent. cav) in the thickness of the umbrella instead of 
four radial canals. Finally, suppose the inner and outer walls 
of this cavity to grow towards one another and meet, thus 
obliterating the cavity, except along four narrow radial areas 
(d, rad) and a circular area near the edge of the umbrella 
(d, dr, c). This would result in the substitution for the 
continuous cavity of four radial canals opening on the one 
hand into a circular canal and on the other into the cavity 
of the manubrium {ent, cav), and connected with one another 
by a membrane — the endoderm-lamella {end. la) — indi- 
cating the former extension of the cavity. 

It follows from this that the inner and outer layers of the 
manubrium are respectively endoderm and ectoderm : that 
the gelatinous tissue of the umbrella is an immensely 
thickened mesogloea : that the layer of cells covering both 
inner and outer surfaces of the umbrella is ectodermal : and 
that the layer of cells lining the system of canals, together 
with the endoderm-lamella. is endodermal. 



the hydrintr^In^JhrwSf'-”^ I'f of the medusa fron 

LUC nyarantn. in the whole senes of figures the ectnrl<^rm i 

the endoderm (en^ striated, and the mLgUa S wa f ' ' 

tent Jes (th ^ n>o«th (/«///), and 
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a', transverse section of the same through the plane a b. 

B, the tentacular region is extended into a hollow disc. 

C, the tentacular region has been further extended and bent into a 
l>ell-lil^e form, the enteric cavity being continued into the umbrella 
{ent. mv') : the hypostoine now forms a manubrium [mnb). 

c', transverse section of the same through the plane a b, showing the 
continuous cavity {cnf. ra7>') in the umbrella. 

D, fully formed medusa : the cavity in the umbrella is reduced to the 
radiating [raTi] and circular (r^>. c) canals, the velum {v) is formed, and 
a double nerve-ring {nv^ iw') is produced from the ectoderm. 

d', transverse section of the same through the plane a showing the 
four radiating canals {raeV) united by the cndoderm-lamella {mil. Az), 
produced by partial obliteration of the continuous cavity eni. cml in C'. 

Tbus the medusa and the hydranth are similarly con- 
structed or homologous structures, and the hydroid colony, 
like Zoothamnium (p. 1 36), is dimorphic, bearing zooids of 
two kinds. 

Sooner or later the medusae separate from the hydroid 
colony and begin a free existence. Under these circum- 
stances the rhythmical contraction — ix. contraction taking 
place at regular intervals — of the muscles of the umbrella 
causes an alternate contraction and expansion of the whole 
organ, so that water is alternately pumped out of and drawn 
into it. The obvious result of this is that the medusa is pro- 
pelled through the water by a series of jerks. The movement 
is performed by means of the muscle-processes and muscle- 
fibres of the sub-umbrella and velum, both of which differ 
from the similar structures in the hydranth in exhibiting a 
delicate transverse striation (Fig. 57). 

There is still another important matter in the structure of 
the medusa which has not been referred to. At the junction 
of the velum with the edge of the bell there lies, imme- 
diately beneath the ectoderm, a layer of peculiar branched 
cells (Fig. 56, E, n. c), containing large nuclei and produced 
into long fibre-like processes. These nerve-cells (see p. 227) 
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are so disposed as to form a double ring round the margin 
of the bell, one ring (Fig. 55, d, nv) being immediately 
above, the other (nv') immediately below the insertion of the 
velum. An irregular network of similar cells and fibres occurs 
on the inner or concave face of the umbrella, between the 
ectoderm and the layer of muscle-fibres. The whole consti- 


A B 



Fig. 56. — A, Muscle fibres from the inner face of the bell of the 
medusa of a hydroid ]3olype {Eitcopella campajiulaj'ia)^ showing nucleus 
and transverse st nation. 

n, portion df the nerve- ring of the same, showing two large nerve- 
cells {n. c) and muscle-fibres (w. r) on either side. (After von Len- 
denfeld. ) 

lutes the nervous systeui of the medusa ; the double nerve-ring 
is the central^ the network the peripheral nervous system. 

Some of the processes of the nerve-cells are connected 
witli ordinary ectoderm-cells, which thus as it were connect 
the nervous system with the external world : others, in some 
instances at least, are probably directly connected with 
muscle-fibres. 

We thus see that whi|^ the manubrium of a medusa has 
the same simple structure as a hydranth, or what comes to 

R 2 
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the same thing, as a Hydra, the umbrella has undergone a very 
remarkable differentiation of its tissues. Its ordinary ecto- 
derm cells, instead of being large and eminently contractile, 
form little more than a thin cellular skin or epithelium over 
the gelatinous mesoglcea: they have largely given iij) the 
function of contractility to the muscle processes or fibres, 
and have taken on the functions of a protective and sensitive 
layer. 

Similarly the function of automatism, possessed by the 
whole body of Hydra, is made over to the group of specially 
modified ectodermal cells which constitute the central 
nervous system. If a Hydra is cut into any number of 
pieces, each of them is able to perform the ordinary move- 
ments of expansion and contraction, but if the nerve-ring 
of a medusa is removed by cutting away the edge of the 
umbrella, the rhythmical swimming movements stop dead : 
the bell is in fact permanently paralysed. 

It is not, however, rendered incapable of movement, for 
a sharp pinch, i.c, an external stimulus, causes a single con- 
traction, showing that the muscles still retain their irritability. 
But no movement takes place without such external stimulus, 
each stimulus giving rise infallibly to one single contraction : 
the power possessed by the entire animal of independently 
originating movement, i.e. of supplying its own stimuli, is 
lost with the central nervous system. 

Another instance of morphological and })hysiological 
differentiation is furnished by the pigment spots or ocelli 
(Fig. 53, c, oc) situated at the bases of the tentacles. They 
consist of groups of ectoderm ^ells in which are deposited 
granules of deep red pigment. Their function is proved by 
the following experiment. 

If a number of medusae are placed in a glass vessel of 
water in a dark room, and a beam of light from a lantern is 
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allowed to pass through the water, the animals are all found 
to crowd into the beam, thus being obviously sensitive to and 
attracted by light. If however the ocelli are rcinovt;d this 
is no longer the case : the medusas do not make for the 
beam of light, and are incapable of distinguishing light from 
darkness. The ocelli are therefore organs of sight. 

In Zoothamnium we saw that the two forms of zooid were 
respectively nutritive and reproductive in function, the re- 
productive zooids becoming detached and swimming off to 
found a new^ colony elsew'here (p. 135). 

This is also the case w'ith Bougainvillea : the hydranths 
are purely .aitritive zooids, the medusae, although capable of 
feeding, are specially distinguished as reproductive zooids. 
The gonads are found in the walls of the manubrium, 
betwx*en the ectoderm and endoderm, some medusje pro- 
ducing ovaries, others s))ermaries only. Thus w 4 iile Hydra 
is mo?ioeclous^ both male and female gonads occurring in the 
same individual, Bougainvillea is dioscioiiSy certain individuals 
producing only male, others only female products. 

In some Hydroids it has been found that the sexual cells 
from which the ova and sperms are developed do not originate 
in the manubrium of a medusa, but ap])arently arise either 
in the ectoderm or endoderm of the stem of the hydroid 
colony, afterw^ards migrating, wBile still small and im- 
mature, to their periUvanent situation where they undergo 
their final development. In Bougainvillea, however, the 
reproductive products are said to originate in the manubrium. 

The medusae, when mature, become detached and swim 
away from the hydroid colony. The sperms of the males 
are shed into the water and carried to the ovaries of the 
females, where they fertilize the ova, converting them, as 
usual, into oosperms. 



^4^ HYDROID POLYPES tftss. 

The changes by which the oosperm or unicellular embryo 
of a hydroid polype is converted into the adult are very 
remg/kable. 

The process is begun by the oosperm, still enclosed 
within the body of the parent (Fig. 57, a), undergoing 
binary fission, so that a two-celled embryo is formed (b). 
Each of the two cells again divides (c), and the process is 
repeated, the embryo consisting successively of 2, 4, 8, 16, 
32, &c., cells, until a solid globular mass of small cells is 
produced (n, e) by the repeated division of the one large 
cell which forms the starting-point of the series. The embryo 
in this stage has been compared to a mulberry, and is called 
the morula or polyplast. 

So far all the cells of the polyplast are alike — globular 
nucleated masses of protoplasm squeezed into a polyhedral 
form by mutual pressure. But before long the cells lying 
next the surface alter their form, becoming cylindrical, with 
their long axes disposed radially (f). In this way a superficial 
layer of cells, or ecloderm, is differentiated from an internal 
mass, or endoderm. 

The embryo now assumes an elongated form ((;) and 
begins to exhibit slow, worm-like movements, finally escaping 
from the parent and beginning a free existence (h). The 
ectoderm cells are now found to be ciliated, and before long 
a cavity appears in the previously solid mass of endoderm 
cells : this is the first appearance of the enteron or digestive 
cavity. In this stage the embryo is called a plaiiula : it 
swims slowly through the water by means of its cilia, the 
broader end being directed forwards in progression. It then 
loses its cilia and settles down on a rock, shell, sea-weed, or 
other submarine object, assuming a vertical position with its 
broader end fixed to the support (i).^ 

The attached or proximal end widens into a disc of attach- 




Fig. 57- — Stages in the development of two hydroid polypes, Lao- 
nicdea /lexuosa (a-ii) and Eiidendrizwi ratnomm (i-m). 

A, oosperm. 

li, two-celled, and c, four-celled stage. 

1), E, polyplast. 

F, G, formation of planula by differentiation of ectoderm and 
endoderm. 

In A-G the embryo is embedded in the maternal tissues. 

H, free swimming planula, showing ciliated ectoderm, and endoderm 
enclosing a narrow enteric cavity. 

I, planula, after loss of its cilia, about to affix itself. 

K, the same after fixation. 

I., Hydra-like stage, still enclosed in cuticle. 

M, the same after rupture of the cuticle and liberation of the tentacles. 
(After Allman.) 


distal end, and a thin cuticle is secreted from the whole 
surface of the ecto3erm (k). From the dilated portion 
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short, buds arise in a circle: these are the rudiments of the 
tentacles : the narrow portion beyond their origin becomes 
the hyj)ostome (l). Soon the cuticle covering the distal end 
is ru] 5 tured so as to set free the growing tentacles (m) : an 
aperture, the mouth, is formed at the end of the hypostome, 
and the young hydroid has very much the appearance of a 
Hydra with a broad disc of attachment, and with a cuticle 
covering the greater part of the body. 

Extensive budding next takes place, the result being the 
formation of the ordinary hydroid colony. 

Thus from the oosperm or impregnated egg-cell of the 
medusa the hydroid colony arises, while the medusa is 
produced by budding from the hydroid colony. We have 
what is called an alter?iation of ge?ieraiwns^ the asexual genera- 
tion or agamohiiun (hydroid colony) giving rise by budding 
to the sexual ge7ieration ox ganiohiu7n (medusa), which in its 
turn produces the agamobium by a sexual process, i.e. by 
the conjugation of ovum and sperm. 

Two other llydroids must be briefly referred to in con- 
cluding the present lesson. 

Floating on the surface of the ocean in many parts of the 
world is found a beautiful transparent organism called 
Diphyes. It consists of a long, slender stem (Fig. 58, a, a )^ 
at one end of which are attached two structures called 
swimmmg-bclls ( 7 / 1 , ni) in form something like the bowl of a 
(lerman pipe, while all along the stem spring at intervals 
groups of structures {e\ one of which is shown on an 
enlarged scale at B. 

P2ach group contains, first, a tubular structure (r>, n) with 
an expanded, trumpet-like mouth, through which food is 
taken ; this is clearly a hydranth. From the base of the 
hydranth proceeds a single, long, T^ranched tentacle or 
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‘‘grappling-line ” (/), abundantly provided with ncmatocysts. 
S*pringing from the stem near the base of the hydmntli is a 
body called a medusoid very like a sort of imj^erfect 
medusa, and like it containing gonads. Lastly, enclosihg all 
these structures, much as the white petaloid bract of the 
common Arum-lily encloses the flower-stalk, is a delicate 
folded membranous plate (/), to which the name /?ract, 
borrowed from botany, is applied. The whole organism i ] 
propelled through the water by the rhythmical contraction 
of the swimming-bells. 

Microscopic examination shows that the stem consists, like 
that of Bougainvillea, of ectoderm, mesogloea, and endo- 
derm, but 'vithout a cuticle. I'he hydranth has a similar 
structure to that of Bougainvillea, only differing in shape 
and in the absence of tentacles round the mouth : the grap- 
pling lines are formed on the polype-type : the medusoids are 
merely simplified medusa; : the swimming-bells are practic- 
ally medusoe in which the manubrium is absent : and the 
bracts are shown by comparison with allied forms to be 
greatly modified medusa-like structures. 

Lliphyes is in fact a free-swimming hydroid colony which, 
instead of being dimorphic like Bougainvillea, is polymorphic. 
In addition to nutritive zooids or hydranths, it possesses 
locomotive zooids or swimming-bells, protective zooids or 
bracts, and tentacular zooids or grappling-lines. Morpho- 
logical and fjhysiological differentiation are thus carried 
much further than in such a form as Bougainvillea. 

Forpita is another free-swimming Hydroid, presenting at 
first sight no resemblance whatever to Diphyes. It has much 
the appearance of a flattened medusa (Fig. 59), consisting 
of a circular disc, slightly convex above and concave below, 
bearing round its edge a number of close-set tentacles, and 
on its under side a central tubular organ (liy') with a ter- 
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Fig. 58. — Diphyes campanulata. 


A, the entire colony, natural size, showing stem {a) bearing groups of 
zooids ('^) and two swimming bells (w, m\ the apertures of which are 
marked 0. 

n, one of the groups of zooids marked e in A, showing common stem, 
{a)f hydranth {«), medusoid Qf), bract (/),^'and branched tentacle or 
grappling line .(/)• (From Gegenbaur.) 
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minal mouth, like the manubrium of a medusa, surrounded 
by a great number of structures like hollow tentacles 


e 



Fig. 59. — A, Porpita pacifica (nat. size), from beneath, showing clisc- 
like stem surrounded by tentacles (/), a single functional hydranth {hy)^ 
and numerous moiithless hydranths {hy'). 

n, vertical section of P, T?ieditcrra}iea^ showing the relative positions 
of the functional, {hy) and mouthless {hy') hydranths, the tentacles, 
and the chambered shell {sh). (a after Duperrey ; B from Huxley after 
Kblliker.) 

The discoid body is supported by a sort of shell having the 
consistency of cartilage and divided into chambers which 
contain air (b, sh). 

Accurate examinafion shows that the manubrium-like 
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body {hy) on the under surface is a hydranth, that the short, 
hollow, tentacle-like bodies (///) surrounding it are mouthless 
hydranths, and that the disc represents the common stem of 
Diph^es or Bougainvillea. So that Porpita is not what it 
appears at first sight, a single individual, like a Medusa or a 
Hydra, but a colony in which the constituent zooids have 
become so modified in accordance with an extreme division 
of physiological labour, that the entire colony has the char- 
acter of a single physiological individual. 

It was jiointed out in the previous lesson (p. 230) that 
Hydra, while morphologically the equivalent of an indefinite 
number of unicellular organisms, was yet physiologically a 
single individual, its constituent cells being so differentiated 
and combined as to form one whole. A further stage in this 
same proc'ess of individuation is seen in Porpita, in which not 
cells but zooids, each the morphological e(iui valent of an 
entire Hydra, are combined and differentiated so as to form 
a colony which, from the physiological point of view, has 
the characters of a single individual. 



LESSON XXI r I 

SPERMATOGENESIS AND OOCiKNESIS. 'I'HE MATURATION AND 
IMPRFXiNATION OF THE OVUM. THE CONNECTION BE- 
TWEEN UNICELLULAR AND DIPLOBLARTIC ANIMALS 

In the preceding lessens it has more than once heem stated 
that sperms arise from ordinary undifferentiated cells in the 
spermary, and that ova are produced by the enlargement 
of similar cells in the ovary. Fertilisation has also been de- 
scribed as the conjugation or fusion of ovum and sperm. Wc 
have now to consider in greater detail what is known as to 
the precise mode of development of sperms {spermatoge7icsis) 
and of ova {oogenesis)^ as well as the exact steps of the pro- 
cess by which an oosperm or unicellular embryo is formed 
by the union of the two sexual elements, d'he following 
description applies to animals : recent researches show that 
essentially similar processes take place in plants. 

Both ovary and spermary are at first composed of cells of 
the ordinary kind, the primitive sex-cells^ and it is only by 
the further development of these that the sex of the gonad 
is determined. 

In the spermary the sex-cells (Fig.6o, a) undergo repeated 
fission, forming wLat are known as the sperm-mother-cells 
(b). These have bcien found in several instances to be 
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distinguished by a peculiar condition of the nucleus. We 
saw (p. 65) that the numher of chromosonies is constant in 





Fig. 60. — vSpermatogenesis in the Mole-Cricket {Gryllotalpd). 

A. Primitive sex-cell, just preparatory to division, showing twelve 
chromosomes {chr) •, f, the centrosome. 

B. Sperm-mother-cell, formed by the division of A, and containing 
wenty-four chromosomes. The centrosome has divided into two. 

C. The spcrm-mother-cell has divided into two by a reducing division, 
each daughter-cell containing twelve chromosomes. 

1). Each daughter-cell has divided again in the same manner, a group 
of four sperm-cells being produced, each with six chromosomes. 

E. A single sperm -cell about to elongate to form a sperm. 

F. Immature sperm ; the six chromosomes are still visible in the 
head. 

G. Fully formed sperm, 

(After von Rath. ) 
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any given animal, though varying greatly in different species. 
In the formation of the sperm-mother^cells from the primitive 
sex-cells the number becomes doubled ; in the case of 
the mole-cricket, for instance, shown in Fig. 6i, whily the 
ordinary cells of the body, including the primitive sck- 
cells, contain twelves chromosomes, the sperm-mother-cells 
contain twenty-four. 

The sperm-mother-cell now divides (c), but instead of its 
chromosomes splitting in the ordinary way (p. 64 and Fig. 10) 
half of their total number— in the present instance twelve -- 
passes into each daughter cell : in this way two cells are 
produced having the normal number of chromosomes. The 
process of division is immediately repeated in the same 
peculiar way (d), the result being that each sperm-mother- 
cell gives rise to a group of four cells having half the normal 
number of chromosomes — in the present instance six. The 
four cells thus produced are the immature sperms (e) : in 
the majority of cases thr protoplasm of each undergoes a 
great elongation, being converted into a long vibratile thread, 
the fai 7 of the sperm (f, Gy, while the nucleus becomes its 
more or less spindle-shaped head and the centrosome takes 
the form of a small uitermediate piece at the junction of 
head and tail. 

Thus the sperm or male gamete is a true cell, specially 
modified in most cases for active movement : its head, 
rej)resenting the nucleus, is directed forwards in progres- 
sion, its long tail, formed from the protoplasm, backwards. 
The direction of movement is thus the precise opposite of 
that of a monad (p. 36) to which a sperm presents a certain 
resemblance. This actively motile tailed form is, however, 
by no means essential : in many animals the sperms are 
non-motile and in some they resemble ordinary cells, 

Tlie peculiar variety of mitosis described above, by which 
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the number of chromosomes I'n the sperm-mother-cells is 
reduced by one-half, is k/iow'n as a reducing division. 

As already stated, the ova arise from primitive seA-ce/Zs, 
precisely resembling those which give rise to sperms. These 
divide and give rise to the egg-n/o/Acr-ceiis in which, as in 
the sperm-mother-cehs, the number of chromosomes is 
doubled. The egg-mother-cells do not immediately undergo 
division but remain passive and increase, often enormously, 
in size, by the absorption of nutriment from surrounding 
parts : in this way each egg-mother-cell becomes an ovum. 
Sometimes this nutriment is simply taken in by osmosis, 
in other cases the growing ovum actually ingests neigh- 
bouring cells after the manner of an Amceba. Thus in the 
developing egg the processes of constructive are vastly 
in excess of those of destructive metabolism. 

We saw in the second lesson (p. 33) that the products of 
destructive metabolism might take the form either of waste 
products which are got rid of, or of plastic products which 
are stored up as an integral part of the organism. In the 
developing egg, in addition to increase in the bulk of the 
protoplasm itself, a formation of plastic products usually 
goes on to an immense extent. In plants the stored-uj) 
materials may take the form of starch, as in Nitella (p. 214), 
of oil, or of proteid substance : in animals it consists of 
rounded or angular grains of proteid material, known as 
yolk-granules. These being deposited, like plums in a 
pudding, in the protoplasm, have the effect of rendering the 
fully-formed egg opaque, so that its structure can often be 
made out only in sections. When the quantity of yolk is 
very great the ovum may attain a comparatively enormous 
size, as for instance in birds, in which, as already mentioned 
(p. 69), the “ yolk ” is simply an immense egg-cell. 

When fully formed, the typical afiimal ovum (Fig. 61) 
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consists or a more or less globular mass of protoplasm, 
generally exhibiting a reticular structure and enclosing a 
larger or smaller quantity of yolk-granules. Surroiwiding 
the cell -body is usually a cell-wall or cuticle, often of con- 
siderable thickness and known as the vitelline me 7 ?ibrane : 
frequently it is perforated at one pole by an aperture, the 
micropyle (fig. 63, microp). The nucleus is large and has 



Fig, 61. — Ovum of a Sea-urchin {Toxopneusies lividns)^ showing the 
radi ally-striated cell-wall (vitelline membrane), the protoplasm contain- 
ing yolk granules (vitellus), the large nucleus (germinal vesicle) with its 
network of chromatin, and a large nucleolus (germinal spot). (From 
Balfour after Ilertwig.) 


the usual constituents (p. 63) — nuclear membrane, nuclear 
sap, and chromatin. As a rule there is a very definite nucle- 
olus, which is often known as the germinal spot, the entire 
nucleus being called the germinal vesicle. 

Such a fully-formed ovum is, however, incapable of being 
fertilized or of developing into an embryo : before it is ripe 
for conjugation, with a sperm or able to undergo the first 
stages of segmentation it has to go through a process known 
as the maturation of the egg. 




Fig. 62.— The Maturation and Impregnation of the Animal Ovum. 

A, the ovum, surrounded by the vitelline membrane {jnem)^ in the 
act of forming the first polar cell {pol ) : 9 centrosome. 

B, both polar cells [poI] are formed, the female pronucleus ( 9 proti) 
lies near the centre of the ovum, and one of several sperms is shown 
making its way into the ovum at the micrd|pyle [mkrop]. 
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c, the head of the sperm has become the male pronucleus ( s 
its* intermediate piece the male centrosome ( 6 cetJt ) ; other structu es as 
before. 

D, the male and female pronuclci are in the act of conjugation. 

E, conjugation is complete and the segmentation nucleus {seg\nucl) 
formed. (From l^arkcr and Has well’s Zoology.) 

Maturation consists essentially in a twice-repeated process 
of cell-division. The nucleus (Fig. 62, a,) loses its mem- 
brane, travels to the surface of the egg, and takes on the 
form of an ordinary nuclear spindle. Next the protoplasm 
grows out into a small projection or bud, into which one end 
of the spindle projects. The usual process of nuclear 
division then takes place (Fig. 10, p. 64), one of the 
daughter nuclei remaining in the bud {pol), the other in 
the ovum itself. Nuclear division is followed as usual by 
division of the protoplasm, and the bud becomes separated 
as a small cell distinguished as the first polar cell. 

It was mentioned in a pr-evious lesson (p. 200) that in 
some cases development from an unfertilized female gamete 
took place, the process — v/hich is not uncommon among 
insects and crustaceans — being distinguished as partheno- 
genesis. It has been proved in many instances and may be 
generally true that in such cases the egg begins to develop 
after the formation of the first polar cell. Thus in partheno- 
genetic ova it appears that maturation is completed by the 
separation of a single polar cell. 

In the majority of animals, however, development takes 
place only after fertilization, and in such cases maturation is 
not complete until a second polar cell (b, pot) has been formed 
in the same manner as the first. The ovum has now lost a 
portion of its protoplasm together with three-fourths of its 
chromatin, half having passed into the first polar cell and 
half of what remained into the second : the remaining one- 
fourth of the chromatin takes on a rounded form and is dis- 
tinguished as the female prottuckus (b, ? pron). 


s 2 
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The formation of both polar calls takes place by a 
reducing division, so that, while the immature ovum con- 
tains ^•double the number of chromosomes found in the 
ordinary cells of the species, the mature ovum, like the 
sperm, contains only one-half the normal number. 

In some animals the first polar body has been found to 
divide after separating from the egg. In such cases the egg- 
mother^cell or immature ovum gives rise to a group of four 
f^lls — 4:he mature ovum and three polar-cells ; just as the 
sperm-mother-cell gives rise to a grouj) of four cells, all of 
which, however, become sperms. 

Shortly after, or in some cases before maturation tJie 
ovum is fertilized by the conjugation with it of a single 
sperm. As we have found repeatedly, sperms are produced 
in vastly greater numbers than ova, and it often ha])pens 
that a single egg is seen quite surrounded with sperms, all 
apparently about to conjugate with it. It has however been 
found to be a general rule that only one of these actually 
conjugates : the others, like the drones in a hive, perish 
without fulfilling the one function they are fitted to 
perform. 

The successful sperm (b) takes up a position at right 
angles to the surface of the egg, and gradually passes 
through the micropyle (i?iicrop) or works its way through 
the vitelline membrane until its head lies within the egg 
protoplasm. The tail is then cast off, and the head, ac- 
companied by the intermediate piece or centrosome, pene- 
trating deeper into the protoplasm, takes on the form of a 
rounded nucleus-like body, the male pronudeus (c, ^ p7vn). 

The two pronuclei approach one another ( d ) and finally 
unite to form what is called the segmentation 7iudeus ( e . seg. 
nud\ the single nucleus ( e ) of what i^ not now the ovum but 
the oosperm — the impregnated egg or unicellular embryo. 
The fertilizing process is thus seen to consist of the union* 
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of two nuclear bodies, one contributed by the male gamete 
of sperm, the other by the female gamete or ovum. It 
follows from this that the essential nuclear matter or, chro- 
matin of the oosperm is derived in equal proportions 'from 
each of the two parents. 

Moreover, as both male and female pronuclei contain only 
half the number of chromosomes found in the ordinary cells 
of the species, the union of the pronuclei results in the 
restoration of the normal number to the oosperm. 

In some cases the astrospheres of the sperm and 
ovum as well as their nuclei appear to unite with one 
another, but more usually the egg-centrosome degenerates 
and disapp/C irs, the centrosome of the oosperm — and conse- 
quently of all the cells of the fully-formed animal- being 
derived from the centrosome of the sperm, /.e, from the 
male parent. 

fertilization being thus effected, the process of segmenta- 
tion or division of the oosperm takes place as described in 
the preceding lesson (p. 246). 

In concluding the present lesson, we shall consider briefly 
a point which has probably already struck the reader. 
Among the plant-forms which have come under our notice 
there has been a very complete scries of gradations from 
the simple cell, through the non-cellular filament, linear 
aggregate, and superficial aggregate, to the solid aggregate, 
whilst among the animals already discussed there has so 
far been no attempt to fill up the very considerable gap 
between unicellular and multicellular forms. In Amoeba, 
Vorticella, &c., the entire animal is a single cell, while 
our next animal type, Hydra, is not only a solid aggregate, 
but has its cells arrar^ed in two definite layers enclosing 
a digestive cavity. Moreover, in unicellular organisms repro- 
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duction is effected either asexually by the fission of the 
entire individual, or in the case of sexual reproduction, by 
two .entire individuals undergoing conjugation. In multi- 
cellular forms, on the other hand, single cells are set apart 
for sexual reproduction. 

When we say that no attempt has been made to fill up 
this gap, we mean as far as adult forms are concerned. If 
the reader will turn to the account, in the previous lesson, 
of the development of hydroid polypes (p. 246), he will see 
that the facts there described do as a matter of fact help 
us to see a possible connection between unicellular 
animals and multicellular two-layered forms with mouth 
and digestive cavity. The oosperm of the hydroid (Fig. 
58, a) has the essential character of an Amoeba, the 
polyplast (e) is practically a colony of Amoebae, and the 
planula (h) a similar colony in which the zooids (cells) 
are dimorphic, being arranged in two layers with a central 
cavity which finally communicates with the exterior by a 
mouth. 

It is an interesting circumstance that these embryonic 
stages are to some extent paralleled by certain adult 
organisms, two of the more accessible and well-known of 
which will now be described. 

Pandorina (Fig. 63, a) is a colony consisting of sixteen 
unicellular zooids closely packed in a gelatinous case of a 
globular form. Each zooid resembles in general characters 
a motile Hsematoccus or Euglena, having an ovoid cell-body 
coloured green by chlorophyll, a red pigment spot, and 
two flagella, which protrude through the gelatinous wall of 
the colony, and by their action impart to it a rotatory 
movement. 

In asexual reproduction each of tl^ sixteen zooids divides 
and re-divides, forming at last a group of sixteen cells. . In 




Fig. 63 . — Fandorina momm. 

A. The entire colony, consisting of sixteen flagellate zooids, enclosed 
in a gelatinous enveloix'. 

n. Asexual re])roduction ; each zooid has divided into sixteen, forming 
as many daughter families, still enclosed within the original gelatinous 
envelope. 

c. Sexual reproduction; zooids are being set free from the colony, 
forming gametes. 

D. Conjugation of two gametes. 

E. The same after complete fusion. 

F. The immature zygote. 

G. The fully-formed zygote. 

ir. Protoplasm of zygote escaping from cell-wall. 

I. The same after acquisition of flagella, 

K. The same undergoing division and forming a young colony. 
(From Goebel.) 
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this way sixteen daughter colonics are produced within the 
gelatinous envelope of the original mother colony (n). By 
the solution of the envelope the daughter colonies are set 
free, ^nd each begins an independent existence. 

In sexual reproduction the zooids are set free singly from 
the colony (c). They swim about actively, approach one 
another in pairs, and conjugate (d), becoming completely 
fused together (e) to form a zygote (f). This increases in 
size and develops a thick cell wall (o). After a period of 
rest, the protoplasm escapes from the cell wall (h), puts out 
a pair of flagella (i), and swims about. Finally it settles 
down, divides and re-divides, and so gives rise to a new 
colony (k). 

It is obvious that Pandorina resembles the polyplast 
stage of an embryo : moreover it is produced by the re- 
peated fission of a zygote, just as the polyplast is formed 
by the repeated fission of an oosperm. 

The beautiful Volvox (Figs 64 and 65), one of the favourite 
studies of microscopists, is a colony of Haematococcus-likc 
zooids arranged in the form of a hollow sphere containing a 
transparent mucilage. Each cell (c) has a nucleus, a con- 
tractile vacuole, a large green chromatophore, a small red 
pigment-spot like that of Euglena (p. 47) and two flagella. 
The cells are surrounded by thick mucilaginous cell-walls 
which do not give the reaction of cellulose, but are probably 
formed of an allied carbohydrate. By the combined move- 
ment of all the flagella a rotating movement is given to the 
entire colony. 

Asexual reproduction takes place by means of certain 
zooids distinguished from the rest by the absence of flagella, 
and called parthenogonidia (Fig. 64. a, a). Each partheno- 
gonidium undergoes a process very like the segmentation of 
the hydroid egg (p. 247), dividing into 2, 4, 8, 16, &c. cells 



Fig. 64. — Vo/vox globator. 

A, the entire colony, surface view, showing the biflagellate zooids and 
several daughter-colonies swimming freely in the interior ; the latter are 
produced by the repealed fission of non-flagell.ite reproductive zooids 
or ])arlhenogonidia (a) 

n, the same during sexual maturity, showing spermaries from the 
surface {spy)^ in profile {spy') and after complete formation of sperms 
{spy') : and ovaries from the surface {piy, ovy" , ovy'") and in profile 
{ovy') 

c, four zooids in optical section, showing cell wall, nucleus, contractile 
vacuole, with adjacent pigment-spot, and flagella {Jl). 

id-I)^, stages in the formation of a colony by the repealed binary 
tission of an asexual reproductive zooid. 

E, a ripe spermary. 

F, a single sperm, showing pigment-spot {pg) and flagella {Jl). 

G, an ovary containing a single ovum surrounded by several sperms. 

H, oosperm enclosed in its spinose cell-wall. 

(A from Geddes and Tho^nson, after Kirchner ; B-H after Cohn.) 
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(a, a, and — d^), and so forming a daughter colony which 
becomes detached and swims freely in the interior of the 
pareryt colony (a), by the rupture of w^hich it is finally 
liberated. In sexual reproduction certain cells enlarge and 
take on the characters of ovaries (b, ovy, ovy\ oiy'^, ovy"\ 
and Fig. 66, o) the protoplasm of each forming a single 



Fig. 65. 

Part of a Volvox-colony showing the structure in greater detail than 
in Fig. 64: s, spennaries ; ovaries. (From Lang.) 


ovum : the protoplasm of others divides repeatedly and 
forms aggregations of sperms (11, spy^ spy, spy', and Fig. 
65, s). By the conjugation of a sperm (f) with an ov um (o) 
an oosperm (11) is produced, and from this by continued 
division a new colony arises. 

Volvox is clearly comparable to a hollow polyplast, and 
further resembles the higher or multicellular animals in that 
certain of its cells are differentiated to form true sexual 
products. 


It is necessary, in conclusion, to remind the reader that 
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the Mycetozoa and Opalina may be said to take an inter- 
mediate place between the strictly unicellular and the multi- 
cellular animals in much the same way as Mucorand Vancheria 
connect unicellular and multicellular plants. The* plas- 
modium of the Mycetozoa is formed, in the first instance 
(p. 54), by the fusion of amoebulae : hence it is a many-celled 
structure, the constituent cells of which have lost their 
boundaries and are indicated only by their nuclei. Sub- 
sequently the nuclei multiply by division, and, although 
the process does not affect the protoplasm, it is allowable to 
say that the number of virtual cells of which the plasmodium 
is composed is thereby increased. The Mycetozoon, in its 
plasmodial stage, is, in fact, a non-cellular organism, like 
Mucor or Vaucheria. But if this way of looking at the 
Mycetozoa is correct, it follows that Opalina is to be con- 
sidered rather as a multinucleate but non-cellular than as a 
unicellular animal. 
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POLYGORDIUS 

PoLYGORDius is a minute worm, about 3 or 4 cm. in length, 
found in the European seas, where it lives in sand at a 
depth of a few fathoms. It has much the appearance of a 
tangle of pink thread with one end produced into two delicate 
processes (Fig. 66, a). These, which are the tentacles^ mark 
the anterior end of the animal — the opposite extremity, 
which in some species also bears a pair of slender processes, 
is the posterior end. As the creature creeps along, one side 
is kept constantly upwards and is distinguished as the dorsal 
aspect ; the lower surface is called ventral. 

The anterior end is narrower than the rest of the body, 
and is marked off behind by a groove (r> and c) ; this 
division is called the prostomium {Fr. sf) and bears the 
tentacles {t) already mentioned in front and above and on 
each side a small oval depression (r. p) lined with cilia. 
Immediately following the prostomium is a region clearly 
marked off in front, but ill-defined posteriorly, and known as 
the perisfomium {Per, st) ; on its ventral surface is a trans- 
verse triangular aperture the mouth {MtH). "J'he rest of 
the body is more or less distinctly marked by annular 
grooves (d and e, gr) into body-segments or meiameres 




Fig. 66. — Polygordh4s neapolitanus, 

A, llie living animal, dorsal aspect, about five times natural size. 

K, anterior end of the worm from the right side, more highly magni- 
fied, showing the prostomium (/V. st)^ peristomium {Per, sf)y tentacles 
(/), with setx* {s) and ciliated pit (r. /). 

c, ventral aspect of the same : letters as before except Mth, mouth. 

D, portion of body showing metameres {Mtmr) separated by grooves 

E, posterior extremity from the ventral aspect, showing the last three 
metameres [Altmr) separated by distinct grooves {gr)^ the anal seg- 
ment {An, seg) bearing tfie anus (^w), and a circlet of papillae (/). 
(After Fraipont.) 
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{Mtmr), the number of which varies considerably. Poly- 
gordius is thus the first instance we have met with of a trans- 
versely segmented animal. The last or anal segment 
(e, ASi, seg) differs from the others by its swollen form and 
by bearing a circlet of little prominences or papillae (j>) ; it 
is separated from the preceding segment by a deep groove 
and bears at its posterior end a small circular aperture, the 
anus (An). 

Polygordius may therefore be described as consisting of a 
number of more or less distinct segments which follow one 
another in longitudinal series ; three of these, the prostomium, 
which lies altogether in front of the mouth, the peristominm^ 
wdiich contains the mouth, and the anal segment^ which 
contains the anus, arc constant and are distinguished by 
special characters ; while between the peristomium and the 
anal segment are intercalated a variable number of metameres 
which resemble one another in all essential respects. 

Polygordius feeds in much the same way as an earth- 
worm : it takes in sand, together with the various nutrient 
matters contained in it, such as infusoria, diatoms, &:c., by 
the mouth, and after retaining it for a longer or shorter time 
in the body, expels it by the anus. It is obvious, therefore, 
that there must be some kind of digestive cavity into which 
the food passes by the mouth, and from which effete matters 
are expelled through the anus. Sections (Fig. 67) show 
that this cavity is not a mere space excavated in the interior 
of the body, but a definite tube, the enteric canal (a, b), 
which passes in a straight line from mouth to anus, and is 
separated in its whole extent from the walls of the body 
(a, B. W.) by a wide space, the dody cavity or ccelome (Ccel), 
So that the general structure of Polygordius might be imi- 
tated by taking a wide tube, stopping the ends of it with 
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Between the enteric canal and the body- wall is the coelome (Ca^/), 
divided into right and left portions by the dorsal (/A A/es) and ventral 
( V. Mes) mesenteries, and into segmental compartments by the sepfa 
{Sept), 

Lyipg in the mesenteries are the dorsal (Z>. V) and ventral {V. V) 
blood-vessels, connected by commissural vessels {Com. V) running in 
the septa : from the latter go oft' recurrent vessels (A\ V). 

Nephridia {Nph?/i) are shown in the second and third metameres, 
each consisting of a horizontal portion which perforates a septum and 
opens in the preceding segment by a nephrostome {Np/i. st) and of a 
vertical portion which perforates the body- wall and opens externally by 
a nephridiopore {Nph. p). 

The brain [Br) lies in the prostomium and is connected with the 
ventral-nerve cord {V. Nv. Cd.) by a pair of cesophageal connectives 
{GEs. Com). 

B, diagrammatic longitudinal section showing the cell-layers. 

The cuticle is represented by a black line, the ectoderm is dotted, 
.tjae ehdoderm radially striated, the muscle plates evenly shaded, the 
'fe’lomic epithelium represented by a beaded line, and the nervous 
system finely dotted. 

The body-wall is composed of cuticle (Cz/), deric epithelium {Der. 
Epthm)y muscle-plates (d/. / 7 ), and parietal layer of ccelomic epithe- 
lium {C(vt. Epthm). 

The enteric canal is formed of enteric epithelium {Ent. Eithm) 
covered by the visceral layer of coelomic epithelium {Cal. Epthm') ; in 
the neighbourhood of the mouth (d//^}and anus(^;/) the entferic epithe* 
lium is ectodermal ; elsewhere it is endodermal ; Phy pharynx ; OeSy 
oesophagus ; Inty intestine ; Kcty rectum. 

The septa {Sept) are formed of muscle covered on both sides by coelomic 
ei^ithelium. 

Four nephridia {Nphm) with nephrostome {Nph. st) and nephridiopore 
{Nph. p) are shown. 

The brain {Br) and ventral nerve cord ( V, Nv. Cd) are seen to be in 
contact with the ectoderm : from the brain a nerve { 7 iv) passes to the 
tentacle. 

C, diagrammatic transverse section showing the cell-layers as in B, 
viz. the cuticle (O/), deric epithelium {Eer. Epthm)y muscle-plates 
{M. ll)y and parietal layer of ccelomic epithelium {Coei. Eptlim)y form- 
ing the body-wall ; and the enteric epithelium {Ent. Epthm) and 
visceral layer of cadomic epithelium {Coel. Epthm' )y forming the enteric 
canal. 

The dorsal {D.Mes) and ventral {V. Mes) mesenteries are seen to be 
formed of a double layer of coelomic epithelium, and to enclose resjrec- 
tively the dorsal {D. V) and ventral ( V. V) blood-vessels. 

A nephridium {NpJmi) is shown on each side with nephrostome {Nph. 
st) and nephridiopore {Nph.p). 

The connection of the ventral nerve- cord with the ectoderm (deric 
epithelium) is well shown. 

Fig. 70, A (p. 291), should be compart with this figure, as it 
is an accurate representation of the parts shown here diagram- 
matically. 
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corks, Vjoring a hole in each cork, and then inserting through 
the holes a narrow tube of the same length as the wide one. 
The outer tube would represent the body-wall, the inner the 
enteric canal, and the cylindrical space between the two the 
coelome. The inner tube would communicate with the ex- 
terior by each of its ends, representing respectively mouth 
and anus ; the space between the two tubes, on the other 
hand, would have no communication with the outside. 

Polygoidius is the first example we have studied of a 
coclomaie animal : one in which there is a definite V)ody- 
cavity separating from one another the body-w^all and the 
enteric canal, and in which therefore a transverse section of 
the body liC.s the general character of two concentric circles 
(Fig. 68, c). 

It will be remembered that a transverse section of Hydra 
has the character of two concentric circles, formed re- 
spectively of ectoderm and endoderm (Fig. 56, a', p. 241), 
the tw^o layers being, however, in contact or sej)arated only 
by the thin mesogloea. A' first sight then, it seems as if w^e 
might compare Polygordius to a Hydra in which the ecto- 
derm and endoderm instead of being in contact w^erc 
separated by a wide interval ; we should then compare the 
body-wall of Polygordius with the ectoderm of Hydra and 
its enteric canal with the endoderm. But this comparison 
would only express part of the truth. 

A thin transverse section show^s the body-wall of Poly- 
gordius to consist of four distinct layers. Outside is a thin 
transparent cuticle (Fig. 67, c, and Fig. 70, a, cu) showing 
no structure beyond a delicate striation. Next comes a 
layer of epithelium {Der. Epthm)^ showing no cell-boundaries 
and thus having the character of a sheet of protoplasm with 
regularly disposed nuejei : this is the deric epithelium or epi- 
dermis. Within it is a rather thick layer of muscle-plates 
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(M. P/), having the form of long flat spindles (Fig. 69, p. 
284, M, PL) exhibiting a delicate longitudinal striatlon and 
covered on their free services with a fine network of proto- 
plasiV containing scattered nuclei. Each plate is arranged 
longitudinally, extending through several segments, and with 
its short axis perpendicular to the surface of the body (Fig. 
70, M. PL). It is by the contraction of the muscle-plates 
that the movements of the body, which resemble those of 
an earthworm, are produced. Finally, within the muscular 
layer and lining the coelome is a very thin layer of cells, the 
codlomic epithelium {C(vl. Epthm). 

A, transverse section of the enteric canal shows only two 
The inner consists of elongated cells {Ent. Epthm) 
fringed on their inner or free surfaces with cilia : these con- 
stitute the enteric epithelium. Outside these is a very thin 
layer of flattened cells {Cal. Epthm') bounding the coelome, 
and hence called, like the innermost layer of the body-wall, 
ccjclomic epithelium. We have, therefore, to distinguish 
two layers of ccelomic epithelium, an outer or parietal layer 
{Cal. Epthm.) which lines the body-wall, and an inner or vis- 
ceral layer {Cal. Epthm') which invests the enteric canal 

We are now in a better position to com[)are the transverse 
sections of Flydra and of Polygordius (P"ig. 55, a', and Fig. 
67, c). The deric epithelium of Polygordius being the 
outermost cell-layer is to be compared with the ectoderm of 
Hydra, and its cuticle with the layer of the same name 
which, though absent in Hydra, is present in the stem of 
hydroid polypes such as Bougainvillea (p. 238). The enteric 
epithelium of Polygordius, boun^<|ing as it does the digestive 
cavity, is clearly comparable with the endoderm of Hydra. 
So that we have the layer of muscle-plates and the two layers 
of coelomic epithelium not represented in Hydra, in which 
their position is occupied merely by ftie mesoglcea. 
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But it will be remembered that in polypes there is some- 
times found a layer of separate muscle-fibres between the 
ectoderm and the mesogloea, and it was pointed out (p. 236^ 
that such fibres represented a rudimentary intermediafe cell- 
layer or mesoderm. We may therefore consider the muscular 
layer and the ctelomic epithelium ol Polygordius as meso- 
derm, and we may say that in this animal the mesoderm is 
divisible into an outer or sofuatu laycr^ consisting of the 
muscle-plates and the parietal layer of coelomic epithelium, 
and an inner or splanchnic layer^ consisting of the visceral 
layer of coelomic epithelium.^ 

The somatic layer is in contact with the ectoderm orderic 
epithelium, and with it forms the body- wall ; the splanchnic 
layer is in contact with the endoderm or enteric epithelium 
and with it forms the enteric canal. The coelome separates 
the somatic and splanchnic layers from one another, and is 
lined throughout by coelomic epithelium. 

The relation between the diploblastic polype and the 
triploblastic worm may therefore be expressed in a tabular 
form as follows — 


Bydroid 
Cmticle . . . 

Ectoderm 

Mesoderm . . 

(rudimentary) 

Endoderm . . 


Somatic 

layer 

Splanchnic 

layer 


Polygordius, 

Cuticle. 

Deric epithelium or epidermis. 
Muscle-plates. 
Coelomic epithelium 
(parietal layer). 
Coelomic epithelium 
(visceral layer). 
Enteric epithelium. 


i 

( 


^ In the majority of the higher animals there is a layer of muscle 
between the enteric and coelomic epithelia : in such cases the body-wall 
and enteric canal coasist ^of the same layers but in reverse order, the 
coelomic epithelium being internal in the one, external in the other. 


1 2 
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Strictly speaking, this comparison does not hold good of 
the anterior and posterior ends of the worm : at both mouth 
and anus the deric passes insensibly into the enteric epithe- 
lium* and the study of development shows (p. 296) that the 
cells lining both the anterior and posterior ends of the canal 
are, as indicated in the diagram (Fig. 68, ?.), ectodermal. For 
this reason the terms deric and enteric epithelium are not 
mere synonyms of ectoderm and endoderm respectively. 

It is important that the student should, before reading 
further, understand clearly the general composition of a 
triploblastic animal as typified by Polygordius, which may 
be summarised as follows. It consists of two tubes formed 
of epithelial cells, one within and parallel to the other, the 
two being continuous at either end of the body where the 
inner tube (enteric epithelium) is in free communication 
with the exterior ; the outer tube (deric epithelium) is lined 
by a layer of muscle-plates within which is a thin layer of 
ccelomic epithelium, the three together forming the body- 
wall ; the inner tube (enteric epithelium) is covered ex- 
ternally by a layer of coelomic epithelium which forms with 
it the enteric canal ; lastly, the body-wall and enteric canal 
are separated by a considerable space, the coelome. 

The enteric canal is not, as might be supposed from the 
foregoing description, connected with the body-wall only at 
the mouth and anus, but is supported in a peculiar and 
somewhat complicated way. In the first place there are 
thin vertical plates, the dorsal and ventral mesenteries (Fig. 
67, A and c, Z>. Mes^ V, Mes)y which extend longitudinally 
from the dorsal and ventral surfaces of the canal to the body 
wall, dividing the coelome into right and left halves. The 
structure of the mesenteries is seen in a transverse section 

ft 

(Fig. 67, c’, and Fig. 70, a) which shows that at the middle 
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dorsal line the parietal layer of coeloniic epithelium becomes 
deflected downwards, forming a two-layered membrane, the 
dorsal mesentery ; the two layers of this on reaching tl^e 
enteric canal diverge and pass one on either side of il'«fafm- 
ing tlie visceral layer of coelomic epithelium ; uniting again 
below the canal, they are continued downwards as the ventral 
mesentery, and on reaching the body-waall diverge once mure 
to join the parietal layer. Tdms the mesenteries arc simply 
formed of a double layer of cfeloinic epithelium, continuous 
on the onci hand with the jiarietal and on the other with the 
visceral layer of that membrane. 

Beside the mesenteries, the canal is supported by trans- 
verse vertical jjartitions or sej^/a (Fig. 67, a and n, Se/>/) w hich 
extend right across the body-cavity, each being perforated by 
the canal. The septa are regularly arranged and correspond 
with the external grooves by which the body is divided into 
metameres. Thus the transverse or metameric segmen- 
tation affects the coelome as well as the body-w^all. Each 
septum cpniposed of a sheet of muscle covered on both 
sides wMth celomic epithelium (n. Sept). 

Where septa come in contact with the enteric canal, 
the latter 'is more or less definitely constricted so as to pre- 
sent a beaded appearance (a and u) ; thus w^e have segmen- 
tation of the canal as w’ell as of the body-w^all and coelome. 

The digestive canal, moreover, is not a simple tube of 
even calibre throughout, but is divisible into four portions. 
The first or pharynx (/V/) is very short, and can be pro- 
truded during feeding ; the second, called the gullet or 
oesophagus (Oes)y is confined to the peristomium and is distin- 
guished by its thick walls and comparatively great diameter ; 
the third or mtestine {Ini) extends from the first metamere 
to the last — i.e., from the segment immediately following 
the peristomium to fhat immediately preceding the anal 
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segment ; it is laterally compressed so as to have an 
elongated form in cross section (c, and Fig. 70, a) : tfie 
fourt]^ portion or rectum {Ref) is confined to the anal seg- 
ment ; it is somewliat dilated and is not laterally compressed. 
The epithelium of tlie intestine is, as indicated in the 
diagram (11), endodermal ; that of the remaining divisions of 
the canal is ectodermal. The large majority of the cells in 
all parts of the canal arc ciliated. 

The cells of the enteric canal and especially those of the 
gullet are very granular, and like the endoderm cells of the 
hypostome of Hydra (p. 228) arc to be considered as gland 
pells. They doubtless secrete a digestive juice which, 
mixing with the various substances taken in by the mouth, 
dissolves the proteids and other digestible parts, so as to 
allow of their absorption. There is no evidence of intra- 
cellular digestion such as occurs in Hydra (]). 229), and it is 
very probable that the process is purely extra-cellular or 
enteric, the food being dissolved and rendered diffusible 
entirely in the cavity of the canal. By the movsements of 
the canal —caused partly by the general movem^ts of the 
body and partly by the contraction of the muadics of the 
septa, aided by the action of the cilia — the contents are 
gradually forced backwards and the sand and oUier indi- 
gestible matters are expelled at the anus. 

The coelome is filled with a colourless, transparent 
coelomic fluid in which are suspended minute, irregular, 
colourless bodies, as well as ovaJ bodies containing yellow 
granules. From the analogy of the higher animals one 
would expect these to be leucocytes (p. 56), but their 
cellular nature has not been proved. 

The function of the coelomic fluid ig probably to distribute 
the digested food in the enteric canal to all parts of the 
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body. In Hydra, where tlie lining wall of the digestive 
davity is in direct contact with the simple wall of the body 
the products of digestion can pass at once by diffusion from 
endoderm to ectoderm, but in the jwsent cas(‘ a meilns of 
communication is w^anted between the enteric epithelium 
and the comparatively complex and distant body wall. The 
peptones and other products of digestion diffuse through 
the enteric epithelium into the coelomic fluid, and by the con- 
tinual movement of the latter — due to the contractions of 
the body- wall —are distributed to all parts. IT us the 
external epithelium and the muscles, as w^ell as the nervous 
system and reprodiu'.tive organs, not yet described, are 
wholly dependent upon the enteric epithelium for their 
su{)ply of nutriment. 

^Vc have now to deal with structures wiiich we find for the 
first time in Polygordius, namely blood-vessels. Lying in 
the thickness of the dorsal mesentery is a delicate tube (Fig. 
67, A and c, D.V.) passing along almost the whole length of 
the body r this is the dorsal vessel. A similar ventral vessel 
(V.V) is contained in the ventral mesentery,^ and the two are 
placed in communication with one another in every segment 
by a ])air of commissural vessels (A,CV;;/.r) wiiich spring right 
and left from the dorsal trunk, pass downwards in or close 
behind the corusponding septum, following the contour of 
body-wall, and finally open into the ventral vessel. Each 
commissural vessel, at about the middle of its length, gives 
off a recurrent vessel (E.V.) which passes backw^ards and 

^ The statement that the dorsal and ventral vessels lie in the thickness 
of the mesenteries requires qualification. As a matter of fact, these 
vessels are simply spaces formed by the divergence of the two layers of 
epithelium composing thci mesentery (Fig. 67, c, and Fig. 70, a) : only 
their anterior ends have proper walls. 
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ends blindly. The anterior parts of the commissural vessels 
lie in the peristomiiim and have an oblique direction, one on 
each side of the gullet. The whole of these vessels form a 
singly closed vascular system, there being no communication 
between them and any of the remaining cavities of the 
body. 

The vascular system contains a fluid, the bloody which 
varies in colour in the different species of Polygordius, being 
either colourless, red, green, or yellow. In one species cor- 
puscles (? leucocytes) have been found in it. 

The function of the blood has not been actually proved 
in Polygordius, but is well known in other worms. In the 
common earthworm, for instance, the blood is red, the colour 
being due to the same pigment, /mmoglobin^ which occurs 
in our own blood and in that of other vertebrate animals. 

Htemoglobin is a nitrogenous compound, containing, in 
addition to carbon, hydrogen, nitrogen, oxygen, and sulphur, 
a minute quantity of iron. It can be obtained pure in the 
form of crystals which are soluble in w'ater. Its most 
striking and physiologically its most important property is 
its power of entering into a loose chemical combination with 
oxygen. If a solution of haemoglobin is brought into contact 
with oxygen it acquires a bright scarlet colour, and the solu- 
tion is then found to have a characteristic spectrum distin- 
guished by two absorption-bands, one in the yellow, another 
in the green. Loss of oxygen changes the colour from scarlet 
to purple, and the spectrum then presents a single broad 
absorption-band intermediate in position between the two of 
the oxygenated solution. 

This property is of use in the following way. All parts 
of the organism are constantly undergoing destructive meta- 
bolism and giving off carbon dioxide : this gas is absorbed 
by the blood, and at the same time the* haemoglobin gives up 
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its oxygen to the tissues. On the other hand, whenever the 
b>ood is brought sufficiently near the external air -or water 
in the case of an aquatic animal — the o[)posite })rocess takes 
place, oxygen being absorbed and carbon dioxide giveVi off, 
Hremoglobin is therefore to be looked upon as a respiratory 
or oxygen-carrying pigment ; its function is to provide the 
various parts of the body with a constant supply of oxygen, 
while the carbon dioxide formed by their oxidation is given 
up to the blood. The particular part of the body in which 
the carbon dioxide accumulated in the blood is exchanged 
for the oxygen of the surrounding medium is railed a 
respiratory organ ; in Polygordius, as in the earthworm and 
many other of the lower animals, there is no specialised 
respiratory organ — lung or gill — but the necessary exchange 
of gases is performed by the entire surface of the body. 

In discussing in a previous lesson the differences between 
plants and animals, we found (p. 178) that in the unicellular 
organisms previously studi ^d, the presence of an excretory 
organ in the form of a contractile vacuole was a characteristic 
feature of such undoubted animals as the ciliate infusoria, 
but was absent in such undoubted plants as Vaucheria and 
Mucor. But the reader will have noticed that Hydra and its 
allies have no specialised excretory organ, waste products 
being apparently discharged from any part of the surface. 
In l^olygordius we meet once more with an animal in which 
excretory organs are present, although, in correspondence 
with the complexity of the animal itself, they are very 
different from the simple contractile vacuoles of Paramoe- 
cium or Vorticella. 

The excretory organs of Polygordius consist of little tubes 
called nephridia^ of which each metamere possesses a pair, 
one on either side (Idg. 67, a, lj, and c, Nphm). Each 
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nephridium (Fig. 68) is an extremely delicate tube consisting 
of two divisions bent at right angles. The outer division is 
placed vertically, lies in the thickness of the body-wall, and 
opens externally by a minute aperture, the ncplu'idiopore 
(Figs. 68 and 69, Np/i. p). The inner division is horizontal 
and lies in the ccelomic epithelium , passing forward it pierces 
the septum which bounds the segment in front (Fig. 67, 
A and b), and then dilates into a funnel-shaped extremity or 
nephrosto 7 ne {NpJi. st)^ which places its cavity in free com- 
munication with the coelome. The whole interior of the 
tube as well as the inner face of the nephrostome is lined 
with cilia which work outwards. 



Fig. 68. — A nephridium of Polygordins, showing the cilia lining the 
tube, the ciliated funnel or nephrostome {Nph. si\ and the external 
aperture or nephridiopore {Nph. /»). (After Fraipont. ) 

A nephridium may therefore be defined as a ciliated tube, 
lying in the thickness of the body-wall and opening at one 
end into the coelome and at the other on the exterior of 
the body. 

In the higher worms, such as the earthworm, the nephridia 
are lined in part by gland-cells, and are abundantly supplied 
with blood-vessels. Water and nitrogenous waste from all 
parts of the body pass by diffusion into the blood and are 
conveyed to the nephridia, the gland-cells of which withdraw 
the waste products and pass them into the cavities of the 
tubes, whence they are finally discharged into the surround- 
ing medium. In all probability soi^e such process as this 
takes place in Polygordius 
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In discussing the hydroid polypes we found that one of 
tlie most important points of difference between the loco- 
motive medusa and the fixed hydranth was the presence in 
the former of a well-developed nervous system (p. 243)*c()n- 
sisting of an arrangement of peculiarly modified cells, to 
which the function of automatism was assigned. It is 
natural to exjiect in such an active and otherwise highly- 
organised animal as Tolygordius a nervous system of a 
considerably higher degree of complexity than that of a 
medusa. 

'The central nervous system consists of two parts, the 
hrain and the i^entral 7 ie}'ve-cord. The brain (Fig. 67, a and 
a, B 7 \) is a rounded mass occupying the whole interior of 
the prostomium and divided by a transverse groove into two 
lobes, the anterior of which is again marked by a longitu- 
dinal groove. 'The ventral nerve-cord ( V, Nv» Cd.) is a 
longitudinal band extending along the whole middle ventral 
line of the body from the jieristomium to the anal segment. 
The posterior lobe of the biain is connected with the anterior 
end of the ventral nerve-cord by a pair of nervous bands, 
the a'sop/iageal coiuicctivcs {(Es. Cofi.) which pass re.spectively 
right and left of the gullet. 

It is to be noted that one division of the central nervous 
system — the brain — lies altogether above and in front of the 
enteric canal, the other division — the ventral nerve-cord — 
altogether beneath it, and that, in virtue of the union of the 
two divisions by the cesophageal connectives, the enteric 
canal perforates the nervous system. 

It is also important to notice that the nervous system is 
throughout in direct contact with the epidermis or ectoderm, 
the ventral cord appearing in sections (Edg. 67, c, and Fig. 
70, a) as a mere thicl^ning of the latter. 

. Both brain and cord are composed of delicate nerve-fibres 
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(Fig. 69, N 7 <. F.) inter.sper.sed with ncrve-cdb (A?'. C). In 
the cord the fibres are arranged longitudinally, and thb 
nerve-cells are ventral in position, forming a layer in imme- 


jir.77 



FiCr. 69.— Diagram illustrating the relations of the nervous system of 
Polygordius. 

The (leric eiiilhelium {r>er. Epihin) is either in direct contact with the 
central nervous system (lower part of figure), or is connected by afferent 
nerves {af. iiv) with the inter-muscular plexus {int, ffiiiSi, plx): the 
latter is connected with the muscle-plates {M. E/) by efferent nerves 
{£/. 

The central nervous system consists of nerve-fibres [Nv. E) and 
nerve-cells {Nv. C) : other nerve cells {Nv. C) occur at intervals in 
the inter- muscular plexus. 

The muscle-plates {Af. PI), one of which is entire, while only the 
middle part of the other is shown, arc invested by a delicate protoplasmic 
network, containing nuclei { 7 iii), to which the efferent nerves can be 
traced. (The details copied from Fraipont.) 


diate contact with the deric epithelium. In the posterior 
lobe of the brain the nerve-cells are superficial and the 
central part of the organ is formed of a finely punctate 
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substance in which neither cells nor fibres can be made 
olit. 

Ramifying through the entire muscular layer of the body- 
wall is a network of delicate nerve-hbres (/V/A 
with nerve-c,ells {Ah). C) at intervals, the inter-juuscular 
plexus. wSome of the branches of this plexus are traceable 
to nerve-cells in the central nervous system, others {af. nv.) 
to epidermic cells, others {Ef. hd.) to the delicate proto- 
plasmic layer covering the muscle-plates. The sujierficial 
cells of both brain and cord are also, as has been said, in 
direct connection with the overlying epidermis, and from the 
anterior end of the brain a bundle of nerve-fibres (Fig 67, r., 
A^'v.') is giveii off on (.‘ach side to the corresjionding tentacle, 
constituting the nerve that organ, to the epidermic cells of 
which its fibres are distributed. 

We see then that, apart from the direct connection of 
nerve -cells with the ejiidermis, the central nervous system is 
connected, through the intermediation of nerve-fibres {a) 
with the sensitive cells of *he deric epithelium and (A) with 
the contractile muscle-plates. And we can thus distinguish 
two sets of nerve-fil^res, {a) sensory or afferent {af. nv.) 
which connect the c^entral nervous system with the ejjidermis, 
and (A) motor or efferent {Ef. nvl) which connect it with the 
muscles. 

Comparing the nervous system of Polygordius wdth that 
of a medusa (p. 243) there are two chief points to be noticed. 
Firstly, the concentration of the central nervous system in 
the higher type, and the special concentration at the anterior 
end of the body to form a brain. Secondly, the important 
fact that the inter-muscular plexus is not, like the peripheral 
nervous system of a medusa- which it resembles, situated 
immediately beneath the epidermis (ectoderm) but lies in the 
rnuscular layer, or, in other words, has sunk into the 
mesoderm. 
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It is obvious that direct experiments on the nervous system 
would be a very difficult matter in so small an animal 
Polygordius. But numerous experiments on a large number ' 
of other animals, both higher and lower, allow us to infer 
with considerable confidence the functions of the various 
parts in this particular case. 

If a muscle be laid bare or removed from the body in a 
living animal it may be made to contract by the application 
of various stimuli, such as a smart tap (mechanical stimulus), 
a drop of acid or alkali (chemical stimulus), a hot wire (ther- 
mal stimulus), or an electric current (electrical stimulus). If 
the motor nerve of the muscle is left intact the application 
to it of any of these stimuli produces the same effect as its 
direct application to the muscle, the stimulus being con- 
ducted along the eminently irritable but non-contractile 
nerve. 

Further, if the motor nerve is left in connection with the 
central nervous system, /.t\, with one or more nerve-cells, 
direct stimulation of these is followed by a contraction, and 
not only so, but stimulation of a sensory nerve connected 
with such cells produces a similar result. And finally, 
stimulation of an ectoderm cell connected, either directly 
or through tlie intermediation of a sensory nerve, with the,, 
nerve-cells, is also followed by muscular contraction. An 
action of this kind, in which a stimulus applied to the free 
sensitive surface of the body is transmitted along a sensory 
nerve to a nerve-cell or group of such cells and is then, as it 
were, reflected along a motor nerve to a muscle, is called a 
re^ex action ; the essence of the arrangement is the inter- 
position of nerve-cells between sensory or afferent nerves 
connected with sensory cells, and motor or efferent nerves 
connected with muscles. 

The diagram (Fig. 69) serves to illustrate this matter. 
The muscle-plate (M. PL) may be made to Contract by a 
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stimulus applied (a) to itself directly, (d) to the motor fibre 
{c) to the nerve-cells {Nv. C) in the central 
nervous system, or to those {Nv. C) in the inter-muscular 
plexus, (d) to the sensory fibre {af. nv.\ or {e) t^ the 
epidermic cells {Der. Epthni). 

In all jirobability the whole central nervous system of 
]\)lygordius is capable of automatic action. It is a well- 
known fact that if the body of an earthworm is cut into 
several ]>ieces each })orforms independcait movements ; in 
other words, the whole body is not, as in the higher animals, 
paralysed by removal of the brain. There can, however, be 
little doubt that complete co-ordination, the regulation 
of tlie various movements to a common end, is lost when 
the brain is removed. 

The nervous system is thus an all-important means of 
communication between the various jiarts of the organism 
and between the organism and the external world. The 
outer or sensory surface is by its means brought into 
connection with the entire muscular system with such 
perfection that the slightest touch applied to one end of the 
body may be followed by the almost instantaneous contrac- 
tion of muscles at the other. 

In some species of Polygordius the prostomium bears a 
pair of eye-specks, but in the majority of species the adult 
animal is eyeless, and, save for the ciliated pits (Fig. 66, 
n, <r./), the function of which is not known, the only definite 
organs of sense are the tentacles, which have a tactile 
function, their abundant nerve-supply indicating that their 
delicacy as organs of touch far surpasses that of the general 
surface of the body. They are beset with short, fine pro- 
cesses of the cuticle called setce (Figs. 66 and 67, s\ which 
probably, like the whfskers of a cat, serve as conductors of 
external stimuli to the sensitive epidermic cells. 
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There are two matters of general importance in connec- 
tion with the structure of Polygordius to which the studenf’s 
attention must be drawn in concluding the present lesson. 

Notice in the first place how in this type, far more than in 
any of those previously considered, we have certain definite 
parts of the body set apart as organs for the performance of 
particular functions. There is a mouth for the reception of 
food, an enteric canal for its digestion, and an anus for the 
extrusion of fasces : a coelomic fluid for the transport of the 
products of digestion to the more distant parts of the body : 
a system of blood-vessels for the transport of oxygen to and 
of carbon dioxide from all parts : an epidermis as organ of 
touch and of respiration : nephridia for getting rid of water 
and nitrogenous waste : and a definite nervous system for 
regulating the movements of the various parts and forming 
a means of communication between the organism and the 
external world. It is clear that differentiation of structure 
and division of physiological labour play a far more obvious 
and important part than in any of the organisms hitherto 
studied. 

Notice in the second place the vastly greater complexity 
of microscoi)ic structure than in any of our former types. 
7^he adult organism can no longer be resolved into more or 
less obvious cells. In the deric, enteric, and ccclomic 
epithelia we meet with nothing new, but the muscle-plates 
are not cells, the nephridia show no cell-structure, neither do 
the nerve-fibres nor the punctate substance of the brain. 
The body is thus divisible into tissues or fabrics each clearly 
distinguishable from the rest. We have epithelial tissue, 
cuticular tissue, muscular tissue, and nervous tissue : and 
the blood and coelomic fluid are to be looked uj)on as 
liquid tissues. One result of this is^that, to a far greater 
extent than in the foregoing types, we can study the 
morphology of Polygordius under two distinct heads : 
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anatomy^ dealing with the general structure of the parts, 
and histology, dealing with their 'ninute or microscopic 
structure. 

One point of importance must be specially referred to in 
connection with certain of the tissues. It has been pointed 
out (p. 273) that the epidermis has rather the character of 
a sheet of protoplasm with regularly-arranged nuclei than of 
a layer of cells, and that the muscle-plates are covered with 
a layer of protoplasm with which the ultimate nerve fibres 
are continuous (p. 274). Thus certain of the tissues of 
Polygordius are multinucleate but non-cellular. They are 
comparable in minute structure to an Opalina or to the 
plasmodiuin of a Mycotozoon, and must therefore be dis- 
tinguished from such definitely cellular tissues as the enteri. 
epitheliuim 


XT 



i.ESSON XX\^ 

I '()! AXiORDius ( Co?iii?2ued) 

Asexual reproduction is unknown in Polygordius, and 
the organs of sexual reproduction are very simple. The 
animal is dioecious, gonads of one sex only being found in 
each individual. 

In the si)ecies which has been most thoroughly investi- 
gated {P. neapolilanus) the reproductive products are formed 
in each metamcre from the fourth to the last. Crossing 
these segments obli(|uely are narrow bands of muscle (Fig. 
70, A, O.M) and certain of the cells of cceJomic epithelium 
covering these bands multiply by fission and form little 
heaps of cells {Spy)^ each of which is to be looked upon as a 
gonad. There is thus a jiair of gonads to each segment with 
the exception of the prostomium, the peristomium, the first 
three metameres, and the anal segment, the reproductive 
organs exhibiting the same simple metameric arrangement 
as the digestive, excretory, and circulatory organs. It will 
be noticed that the primitive sex-cells, arising as they do 
from coelomic epithelium, arc mesodermal structures, not 
ectodermal as in hydroids (pp. 231 and 245). 

In the male the primitive sex-cells divide and sub-divide, 
the ultimate products being convertecJ into sperms (Fig. 70, 




» P .ja^—PoIygiirdius neafolitanus. ^ 

A, transverse section o^a male^specta™ to of the 

SfSh J’lleS epithet epithelium 

"The enteric canal “"ftvlrf celomic epitheliunt (Cf >; 

Passing obliquely aefoss uic ^ 2 
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covered with coelomic epithelium ; by differentiation of groups of cells 
of the latter the spermaries are formed. 

B, a single sperm, showing expanded head and delicate tail. 

c, horizontal section of a sexually mature female. 

The ijody-W'all {Cu, Der. Epthfn, M. PI) has undergone partial 
histological degeneration, and is ruptured in two places to allow of the 
escape of the ova {ov) which still fill the coelomic spaces enclosed between 
the body-wall, the enteric canal and the septa {Sep). 

(After Fraipont.) 

F : see p. 255) ; in the female they enlarge immensely, and 
lake on the character of ova (c, ^7;). Multiplication of the 
sexual products takes place to such an extent that the whole 
ccelome becomes crammed full of either sperms or ova (c). 

In tlie female the growth of the eggs takes place at the 
expense of all other parts of the body, which undergo more 
or less complete atrophy : the epidermis for instance, be- 
('omes liquefied and the muscles lose their contractility. 
Finally rupture of the body-wall takes place in each segment 
(c), and through the slits thus formed the eggs escape. So 
that Folygordius, like an annual plant, jiroduces only a 
single brood ; death is the inevitable result of sexual 
maturity. W hether or not the .same dehiscence of the body- 
wall takes place in the male is not certain : it has been stated 
that the .sperms make their escape through the nephridia. 

Thus while there are no specialized gonoducts, or tubes for 
carrying off the sexual products, it is possible that the ne- 
phridia may, in addition to their ordinary function, serve 
the purpose of male gonoducts or spertniducts. Female gono- 
ducts or otn ducts are however entirely absent. 

The ova and sperms being shed into the surrounding 
water, impregnation takes place, and the resulting oosperm 
undergoes segmentation or division (see p. 246), a polyplast 
being formed. "JTe cells of the polyplast become differen- 
tiated, an enteron or digestive cavity is formed, and the 
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embryo is gradually converted into a curious free-swimming 
•creature shown in Fig. 72, a, and called a trochosphere. 

The trochosphere, or newly-hatched larva of Polygordius 
(^ig- 715 a) is about ] mm. in diameter, and has something 



Fig. 71. — A, larva of Polygordius nsapolitanus in the trochusphcre 
stage ; from a living specimen. 

Ji, diagrammatic vertical section of the same : the ectoderm is dotted, 
the endoderm radially siri.Ucd, the mesoderm evenly shaded, and the 
nervous system finely dotted. 

c, transverse section thio'Ugh the plane ah in n. 

The body-wall consists of a single layer of ectoderm cells, which, at 
the apex of the prostomium (upper hemisphere) are modified to form the 
brain and a pair of ocelli {oc). 

ddie enteric canal consists of three parts : the stomodmum (.SV. d///), 
opening externally by the mouth and lined by ectoderm ; the 

enleron [Jiiit) lined by endoderm ; and the proctodieum (/Vr. dut), 
o])ening by the anus {Au) and lined by ectoderm. 

between the body-wall and the enteric canal is the larval body-cavity 
or blasiocrele {PI. cad). 

The mesoderm is confined to two narrow bands of cells (li and c, 
J/sd) in tlie blastocade, one on either side of the proctodneum ; slender 
mesodermal bands {A/sd') are also seen in the prostomium in A. 

The cilia consist of a pitv-oral circlet {Pr. or. ci) above the mouth, a 
]H)st-oral circlet {Pt. or. ci) below the mouth, and an anal circlet [An. 
ci) around the anus. 

(a after Fraipont. ) 


the form of a top, consisting of a dome-like ti])per portion, 
the prostomium.^ produced into a projecting horizontal rim ; 
of an intermediate ^jortion or peristomium, having the form 
of an inverted hemisphere ; and of a lower somewhat conical 
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anal region. Around the projecting rim is a double circlet 
of large cilia {Pr. or. d) by means of which the larva is* 
propelled through the water. 

Beneath the edge of the ciliated rim is a rounded aperture, 
the mouth (Mf/i) ; this leads by a short, nearly straight 
gullet (Si. dm), into a spacious stomach (Ent), from the 
lower side of which proceeds a short slightly curved intestine 
(Prc. dm), opening at the extremity of the conical inferior 
region by an anus (d?/). Between the body-wall and the 
enteric canal is a space filled with fluid (PI. cceI), but, as we 
shall see, this does not correspond with the body-cavity of the 
adult. The body- wall and the enteric canal consist each of 
a single layer of epithelial cells, all the tissues included in 
the adult under the head of mesoderm (p. 275) being absent 
or so poorly developed that they may be neglected for the 
present. 

Leaving aside all details, it will be seen that the trocho- 
sphere of Polygordiiis is comparable in the general features 
of its organization to a medusa (compare Tig. 56, p. 241), 
consisting as it does of an outer layer of cells forming the 
external covering of the body and of an inner layer lining 
the digestive cavity. "JTere are, however, two imj^ortant 
differences : the space between the two layers is occupied by 
the mesogltea in the medusa, while in the worm it is a cavity 
filled with fluid ; and the digestive ('avity of the trochosphere 
has two openings instead of one. 

But in order to compare more accuratel)^ the medusa 
with the trochosphere, it is necessary to fill uf), by the help 
of other types, an important gap in our knowledge of the 
development of Polygordius— the passage from the polyplast 
to the trochosphere. From what we know of the develop- 
ment of other worms, the process, in its general features, 
is probably as follows : — 

The polyplast is converted, by the accumulation of fluid 
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in its interior, into a hollow sphere, bounded by a single 
• layer of cells and containing a cavity, the b/asfocQ’k: this 
stage of development is called the blashda. Next, one side 
of the blastula becomes tucked in or invaginated s<^ as to 
convert the embryo from a single-kyered sphere into a 
double-layered cup (Fig. 72, a). "This process can be 
sufficiently well imitated by r)iishing in one side of 
a hollow india-rubber ball. The resulting embryonic stage 



Fio. 72. Diagram illustrating the origin of tlie trochosphere from 
tlic gaslrula. The cctodcnu is dotted, the endoderm striated. 

A, gastrula, with cntcrcui dint) and gastriila-mouth (6Tr/. ]\Ilh\ anci 
with the ectoderm and endoderm separated by the larval body-cavity or 
blastoccelc {Bl. ca'l). 

n, the gastrula-mouth has e'osed, the enteron {Ent) becoming a shut 
sac. 

C, two ectodermal pouches, the stomodaeum [St. dm) and proctodasum 
fPre. dm) have appeared. 

u, the stomodieum [Si. dm) and proctodaeum (/Vr. dm) have opened 
into the enteron [Ent), forming a complete enteric canal with mouth 
(Jl/t/i) and anus {^4n). 

is known as the gastrula : its cavity is the enteron {Ent) and 
is bounded by the invaginated cells which now con- 
stitute the endoderm, the remaining cells, forming the outer 
wall of the gastrula, being the ectoderm. The two layers 
arc continuous at the aperture of the cup, the gastrula- 
mouth or blastopore {Gast. Mth). Between the ectoderm 
and endoderm is a space, the greatly diminished blastocoele. 
The resemblance of the gastrula to a simplified Hydra, 
devoid of tentacles, Vill be at once apparent. 
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Before long the mouth of the gastrula closes {B\ the enteron 
(Ent) being thus converted into a shut sac. At about the saniti 
time the ectoderm is tucked in or invaginated at two places 
(C), ajpd the two little pouches {St. dm, Prc. dm) thus formed 
grow inwards until they meet with the closed enteron and 
finally open into it {D), so that a complete enteric canal is 
formed- -formed, we must not fail to notice, of three distinct 
parts: (i) an anterior ectodermal pouch, opening externally 
by the mouth, and distinguished as the stomodcEum ; (2) the 
enteron, lined with endoderm ; and (3) a posterior ectoder- 
mal pouch, oj)ening externally by the anus, and called the 
proctodceim. 

In the trochosphere (Fig. 71) the gullet is derived from 
the stomodaium, the stomach from the enteron, and the 
intestine from the })roctoda3um ; so that only the stomach of 
the worm-larva corresjionds with the digestive cavity of a 
medusa : the gullet and intestine are structures not repre- 
sented in the latter form. 

I'vvo or three other points in the anatomy of the trocho- 
sj^here must now be referred to. 

At the apex of the dome-shai)ed prostomium the ecto- 
derm is greatly thickened, forming a rounded patch of cells 
(Figs. 71 and 73, 7 ?r), the rudiment of the brain. On the 
surface of the same region and in close relation with the 
brain is a pair of small patches of black i)igment, the 
eye-spots or ocelli {Odj. 

On cither side of the intestine, between its epithelium and 
the external ectoderm, is a row of cells forming a band 
which partly blocks up the blastoccele (b and c, Msd). I'hese 
two bands are the rudiments of the whole of the ' meso- 
dermal tissues of the adult ■ muscle, coelomic epithelium, 
&c. and are hence called mesodermal bands. 



XXV 


THE TROCHOSPHERE 


297 


Finally on either side of the lower or posterior end of the 
stqmach is a delicate tube (Fig. 73, a, Nph) opening by a small 
aperture on to the exterior, and by a wide funnel-shaped 



73. — A, living specimen of an advanced trochospherc-larv a of 
Polygorflius neiqiolitanus, showing the elongation of the anal region to 
form the trunk. 

n, diagrammatic vertical section of the same ; tlie ectoderm is coarsely, 
the nervous system finely, dotted, the endoderni radially striated, and 
the mesoderm evenly shaded. 

C, transverse section through the plane ab in h. 

The pre-oral {Pr. or. c/), post-oral ( 7 V. or. oi), and anal r/) 
cilia, hrain (y>V), ocelli (Oc), hlastoccele (/>V), mouth {AP/i)^ slomti- 
dmum (.SV. d///), proclodieuin {Pro. d/n)y and anus {Af/) as in Fig. 71, 
the enteron {En/) lias extended some distance intu the trunk. 

In A, slender mesodermal bands (J/jrff. bd) in the prostomium, and the 
branched hcad-nephridium (A^//) arc shown. 

In n and C the mesoderm [Msd) is seen to have obliterated the blasto- 
ccele in the trunk-region : the ectoderm has undergone a thickening, 
forming the ventral nerve -cord ( V. JVv. Cd). 

(a after Fraipont.) 

extremity into the blastocoele : it has all tlie relations of a 
nephridium, and is distinguished as the head-nephdridium. 

As the larva of Polygordius is so strikingly different from 
the adult, it is obvious fliat development must, in this, as in 
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several cases which have come under our notice, be accom- 
panied by a metamorphosis. 

The first obvious change is the elongation of the conical 
anaY region of the trochosphere into a tail-like portion 
which may be called the trunk (Fig. 73, a). The 
stomach (enteron), which was formerly confined to the pro- 
and peri-stomium, has now grown for a considerable 
distance into the trunk (b, ent\ so that the procto- 
daeum {Prc. dm) occupies only the portion in proximity to 
the anus. 

k Important internal changes have also taken place. The 
deric epithelium or external ectoderm is for the most part 
composed, as in the preceding stage, of a single layer of 
cells ; but on that aspect of the trunk which lies on the same 
side as the mouth />., to the left in Fig. 73, a and b — this 
layer has unclergojie a notable thickening, being now com- 
posed of several layers of cells. This ectodermal thickening 
is the rudiment of the ventral nerve-cord ( V. Nv. Cd)^ and 
the side of the trunk on which it appears is now definitely 
marked out as the ventral aspect of the future worm, the 
opposite aspe('t — that to the right in the figures — being 
dorsal. At a later stage two ectodermal cords — the(Desopha- 
geal connectives — arc formed, connecting the anterior end of 
the ventral nerve-cord with the brain. Note that the two 
divisions of the central nervous system are originally quite 
distinct. 

The mesodermal bands, which were small and quite 
separate in the preceding stage (Fig. 71, b and c, Msd). 
have now increased to such an extent as completely to sur- 
round the enteron and obliterate the blastocoele (Fig. 73, b 
and c, Msd). At this stage therefore there is no body- 
cavity in the trunk, but the space between the deric and 
enteric epithelia is occupied by a soRd mass of mesoderm. 
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In a word, the larva is at present, as far as the irimk is con- 
cerned, triploblastic but acn^/opiafe. 

Development continues, and the larva assumes the ^^rm 
ohown in Fig. 74, a. The trunk has undergone a great 
increase in length and at the same time has become divided 
by a series of annular grooves into segments or metameres, 
like those of the adult worm but more distinct (compare 
Fig. 66, D, p. 269k By following the growth of the larva 
from the preceding to the present stage, it is seen that these 
segments are formed from before backwards, i e., the seg- 
ment next the peristomium is the oldest, and new ones are 
continually oeing added between the last formed and the 
extremity of the trunk, or what may now be called the anal 
segment. By this })rocess the larva has assumed the appear- 
ance of a worm with an immense head and a very slender 
trunk. 

The original larval stomach (enteron) has extended, with 
the formation of the metanures, so as to form the greater 
portion of the intestine : the proctodreum {Pre dm) is 
confined to the anal segment. 

Two other obvious changes are the apj^earance of a j)air 
of small slender processes (a, /) -the rudiments of the 
tentacles —on the apex of the prostomium, and of a circ let 
of cilia (/V. a 7 i. a) round the posterior end of the trunk. 

The internal changes undergone during the assumption of 
the present form are very striking. In every fully formed 
metamere the mesoderm — solid, it will be remembered, 
in the previous stage — has become divided into two layers, 
a somatic layer (it and c, Msd {som) ) in contact with the 
ectoderm and a splanchnic layer (A/sd (s/>/) ) in contact 
with the endoderm. ^Thc space betw^een the two layers 
(Cce/) is the permanent body-cavity or coelome, which is 




Fi(.;. 74. A, larva of Polygordius neapolilaniis in a condition inter- 
mediate l)el\vecn the trochosphere and the adult worm, the trunk-region 
being elongated and divided into inetamcres. 

B, diagrammatic vertical section of the same: the ectoderm is coarsely, 
the nervous system finely, dotted, the endoderm radially striated, and 
the mesoderm evenly shaded. 

C, transverse section along the plane ah in B. 

The pre-oral (/V. or. ci), post-oral {Pt. or. and anal (.//a ci) 
cilia, the blastoccele {B/. civ/), stomodmum (6V. d///), and proctodmum 
(/’;r. <'////) are as in Fig. 71, A and B : the entcron now extends through- 
out the segmented region of the trunk. 

A pair of tentacles (/) has appeared on the inostomium near the ocelli 
(<?), and a pre-anal circlet of cilia {Pr. an. ci) is developed. 

The mesoderm has divided into somatic [Msd {sovi) ) and splanchnic 
{Msd {spl) ) layers with the ccelome {Cad) between : the septa (Sep) are 
formed by undivided plates of mesoderm separating the segments of the 
ctelome from one another. 

three stages in the development of the somatic mesoderm. In 
1)^ it {J/sd {Son/) ) consists of a single layer of cells in contact with the 
deric epithelium {Der. Epthni) : in the cells have liegun to split up 
in a radial tlirection : in if* each has divided into a number of radially 
arranged sections of muscle-plates {M. PI) and a single cell of cuelomic 
epithelium {Cai. Epth/n). 

(a after Fraipont. ) ^ 
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thus quite a different thing from the larval body-cavity 
or • blastocoele, being formed, not as a space between 
ectoderm and endoderm, but by the splitting of an 
originally solid mesoderm. ' 

The division of the mesoderm docs not however extend 
quite to the middle dorsal and middle ventral lines : in both 
these situations a layer of undivided mesoderm is left (c), 
and in this way the dorsal and ventral mesenteries are 
formed. Spaces in these, apparently the remains of the 
blastocoele, form the dorsal and ventral blood-vessels. More- 
over the splitting process takes place independently in each 
segment, and a transverse vertical layer of undivided 
mesoderm yT, Se/>) is left separating each segment from the 
adjacent ones before and behind : in this way the septa 
arise. 

The nephridia appear to have a double origin, the super- 
ficial portion of each being formed from ectoderm, the 
deep portion, including the nephrostome, from the somatic 
layer of mesoderm. 

In the ventral nerve-cord the cells lying nearest the outer 
surface have enlarged and formed nerve-cells, while those on 
the dorsal aspect of the cord have elongated longitudinally 
and become converted into nerve-fibres. This process has 
already begun in the preceding stage. 

But the most striking histological changes are those which 
gradually take j)lace in the somatic layer of mesoderm. At 
first this layer consists of ordinary nucleated cells (d\ Msd 
Som), but before long each cell splits up in a radial 
direction (d^) from without inwards i.e., from the ectoderm 
{.Der. Epthm) towards the coelome — finally taking on the 
form of a book with four or more slightly separated leaves 
directed outwards or towards the surface of the body, and 
with its back— the undivided portion of the cell — bounding 
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the ccelome. The cells being arranged in longitudinal series, 
we have a number of such books placed end to end= in 
a row with the corresponding leaves in contact — page one 
of ^he first book being followed by page one of the second, 
third, fourth, &c., page two by page two, and so on through 
one or more segments of the trunk. Next, what we have 
compared with the leaves of the books -the divided 
portions of the cells — become separated from the backs — 
the undivided portions (d^) -and each leaf (Tf. FI) fuses 
with the corresponding leaves of a certain number of books 
in the same longitudinal series. The final result is that the 
undivided portions of the cells (backs of the books, Ccel. 
Ept/im) become the parietal layer of ceelomic epithelium, the 
longitudinal bands formed by the union of the leaves 
{Id, PI) becoming the muscle-plates, which are thus cell- 
f'Usio?is, eac'h being formed by the union of portions of a 
series of longitudinally arranged cells. 

At the same time the cells of the splanchnic layer 
of mesoderm thin out and become the visceral layer of 
cfjelomic epithelium 

We see then that by the time the larva has reached the 
stage shown in Fig. 74, it is no longer a mere aggregate of 
simple cells arranged in certain layers. The cells them- 
selves have undergone differentiation, some becoming modi- 
fied into nerve-fibres, others by division and subsequent 
fusion with their neighbours forming muscle-plates, while 
others, such as the epithelial cells, remain almost unaltered. 

Thus, in the course of the development of Polygordius, 
cell-multiplication and cell-differentiation go hand in hand, 
the result being the formation of those complex tissues the 
presence of which forms so striking a difference between the 
worm and the simpler types previously studied. 
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It is important to notice that this comparatively cr^mplex 
animal is in one stage of its existence — the oosperm — as 
simple as an Amoeba ; in another — the polyplast - it is com 
parable to a Pandorina, and in a third — the blastula a 
Volvox; in a fourth — the gastrula — it corresponds in general 
features with a Hydra ; while in a fifth — the trochosphere — 
it resembles in many respects a Medusa. As in other cases 
we have met with, the comparatively highly-organised form 
passes through stages in the course of its individual develop- 
ment similar in general characters to those which, on the 
theory of evolution, its ancestors may be considered to have 
passed through in their gradual ascent from a lower to a 
higher stage of organization. 

The rest of the development of Polygordius may be 
summarized very briefly. The trunk grows so much faster 
than the head (pro-/A<^.f peri-stomium)— that the latter under- 
goes atelative diminution in size, finally becoming of equal 
diameter with the trunk, as in the adult. The ciliated rings 
are lost, the tentacles gro>^ to their full size, the eye-spots 
atrophy, and thus the adult form is assumed. 



LESSON XXVI 

THE CHIEF DIVISIONS OF THE ANIMAL KINGDOM : THE 
STARFISH 

The student who has once thoroughly grasped the facts of 
structure of such typical unicellular animals as Amoeba and 
the Infusoria, of such typical diploblastic animals as Hydra 
and Bougainvillea, and of such a typical triploblastic animal 
as Polygorclius, ought to have no difficulty in understanding 
the general features of the organization of any other members 
of the animal kingdom. When once the notions of a cell, a 
cell-layer, a tissue, an organ, body-wall, enteron, stomodDsum, 
proctod^Eum, ccelome, somatic and splanchnic mesoderm, 
are fairly understood, all other points of structure become 
hardly more than matters ot detail. 

If we turn to any text-book of Zoology we shall find that 
the animal kingdom is divisible into eight primary sub- 
divisions, called sub-kingdoms, types, or phyla. These are 
as follows : — 

Protozoa. Echinodermata. 

K Pori f era. Arthropoda. 

I Ccelenterafa. ^Mollusca. 

Vermes. Vertebrata. 
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With a few exceptions, the discussion of which would be out 
of place here, the vast number of animals known to us may 
be arranged in one or other of these groups. 

The Protozoa are animals which are either unicelliWar in 
the strict sense, or non-cellular, or colonies of unicellular 
zooids : the> have been represented in previous lessons by 
Amoeba and Protamoeba, Haimatococcus, Heteronjita, 
Euglena, the Mycetozoa, Paramoecium, Stylonychia, Oxy- 
tricha, Opalina, Vorticella, Zoothamnium, the Foraminifera, 
the Radiolaria, Pandorina, and Volvox. The reader will 
therefore have no difficulty in grasping the general features 
of this phylum. 

The C^knterata are the diploblastic animals, and have 
also been well represented in the foregoing pages, namely 
by Hydra, Bougainvillea, Diphyes, and Porpita. The sea- 
anemones and corals also belong to this phylum, in which 
also the For if era or sponges are sometimes included. 

The Vermes^ or Worms, are a very heterogeneous assem 
blage. They are all triploblastic, but while some are 
coelomate, others have no body-cavity ; some, again, are 
segmented, others not. vStill, if the structure of Polygordius 
is thoroughly understood, there will be little difficulty in 
understanding that of a fluke, a tape-^^orm, a round-worm, 
an earthworm, or one of the ordinary marine worms. 

Of the remaining four sub-kingdoms we have, so far, 
studied no example, but a brief description of a single 
example of each will show how they all conform to the 
general plan of organisation of Polygordius, being all triplo- 
blastic and coelomate. 

• Under the Echinoderyyiata are included the various kinds 
of starfishes — sand-stars, brittle-stars, and feather-stars, as 
well as sea-urchins, sea-cucumbers, &c. A starfish will serve 
as an example of the group. 


X 
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The phylum Arthropoda includes crayfishes, lobsters, 
crabs, shrimps, prawns, wood-lice, and water-fleas ; scorpion 5, 
spiders, and mites ; centipedes and millipedes ; and all 
kinds^ of insects, such as cockroaches, beetles, flies, ants, 
bees, butterflies, and moths. A crayfish forms a very fair 
example of the group. 

In the phylum Mollusca are included the ordinary bi- 
valves, such as mussels and oysters ; snails, slugs, and other 
univalves or one-shelled forms ; and cuttle-fishes, squids, and 
Octopi. An account of a fresh-water nmssel will serve to 
give a general notion of the character of this group. 

Finally, under the head of Vertebrata are included all the 
backboned animals : the lampreys and hags ; true fishes, 
such as the shark, skate, sturgeon, ('od, perch, trout, &c. ; 
amphibians, such as frogs, toads, newts, and salamanders ; 
true reptiles, such as lizards, crocodiles, snakes, and tor- 
toises \ birds ; and mammals, or creatures with a hairy skin 
which suckle their young, such as the ordinary hairy 
quadrupeds, whales and porpoises, apes, and man. 
essential structure of a vertebrate animal will be understobd 
from a brief description of a dog-fish. 


The Starfish. 

The commonest British starfish is Asterias rubens^ but 
the main features of the following description will apply to 
any species. The starfish consists of a central disc-like 
portion, from which radiate five arms or rays. The animal 
crawls over the rocks with its flat, light-coloured ventral 
surface downwards, and with its darker, convex, dorsal 
surface upwards. It can move in any direction, so that, in 
the ordinary sense of the words, anterior and posterior ex- 
tremities cannot be distinguished. Radial symmetry such 
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as this, i.e.^ the division of the body into similar parts 
radiating from a common centre, *,■> characteristic of the 
Echinodermata generally. 

In the centre of the disc on the ventral surface is \ live- 
sided depression, at the bottom of which is the large mouth 
(Fig. 75 and Fig. 76, a, From it radiate five grooves 



Fk;. 75.- -A StaiTjbh, from the ventral aspect, showing the disc and 
arms, the central mouth, and the numerous tube-feet. (From Parker 
and Lcuckart and Nitsche. ) 

called the ambulacral grooves^ one along the ventral surface 
of each arm (Fig. 76, a and n). In the living animal numerous 
delicate semi-transparent cylinders, the tube-feet (Fig. 75 and 
F-ig. 76, T, F)^ are protruded from these grooves ; they are 
very extensible and each ends in a sucker. It is by moving 
these structures in various directions, protruding some and 
Withdrawing others, that the starfish is able to move along 

X 2 
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either a horizontal or a vertical surface, and even to turn 
itself over when placed with the ventral side upwards. - 

Near the middle of the disc, on the dorsal surface, is the 
very ifiinute anus (Fig. ‘]6 An) ; it is situated on a line drawn 
from the centre of the disc to the re-entering angle between 
two of the rays, and is therefore said to be inter-radial in 
position. Near the anus, and also inter-radially situated, is 
a circular calcareous plate, the niadreporite {Mdpr)^ per- 
forated by numerous microscopic apertures. 'The presence 
of this structure disturbs the radial symmetry of the starfish 
and gives rise to a bilateral symmetry, since the animal can 
be divided into two truly equal halves by a single plane 
only, viz., the plane passing through the middle of the 
madreporite and of the arm opposite to it. 

The body, though flexible, is tolerably firm and resistant, 
owing to the fact that immediately beneath the soft, slimy 
skin there is a layer of little irregular calcareous bodies, the 
ossicles (Fig. 76, os), forming a kind of scale armour. Many 
of them give attachment to spines, and between them are 
minute apertures, the dermal pores, through which, during 
the life of the animal, are protruded delicate, glove-finger- 
like processes, the dermal gills or respiratory cceca {Resp, 
cee). Both on the dorsal and the ventral surfaces are found 
curious and characteristic organs called pedicellarue (Fed). 
These are minute forceps-like structures, consisting of a 
basal piece or stalk and of two jaws, each supported by a 
calcareous plate : the Jaws are worked by muscles, and 
apparently serve to remove fcecal matter, foreign bodies, 
from the surface of the animal. 

The tube-feet, already referred to, are arranged symme- 
trically on either side of each ambulacral groove. At the 
extremity of the groove is a single structure (t) like a tube- 
foot without the terminal sucker : it is called the tentacle, 
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Kio. 76 .— 1 Ha^^rammatic sections of a Starfish. 

A, vertical section passmu on the right through a radius, on the left 
through an inter-radius. I'he off-side of the ambulacral groove, w ith 
the tube feet ( 7! F) and ainpulUe {Anip)^ is shown in perspective. 

H, transverse section through an arm. 

The ectoderm is coarsely dotted, the nervous system finely dotted, the 
endoderm radially striated, the mesoderm evenly shaded, the ossicles of 
the skeleton black, and the cnclomic epithelium represented by a beaded 
line. 

'I’he body-wall consists of deiic epithelium {Dcr. Epthni\ dermis 
and the parietal layer of coelomic epithelium {Ca/. Epthm). 

'I’o the body-wall are attached pedicellariai [Ped], and the end of the 
arm bears a tentacle (/) with an ocellus {oc) at its base. 

'Fhe skeleton consists of ossicles imbedded in the dermis : large 
ambulacral ossicles {A mb, os) bound the ambulacral grooves on the 
ventral surfaces of the arms. 

The mouth {Mth) leads by a short gullet into a stomach [St), which 
gives off a cardiac emeum [Cd. C(c) and a pair of pyloric creca { ca’) 
to each arm, and passes into an intestine {/nt) which gives off intestinal 
ca'ca (//;/'. cre) to the inter-radii, and ends in the anus {Au), The 
nyloric c^eca are connected to the dorsal body-wa'l by mesenteries 
{ Ales, in b). The wall of the enteric canal consists of enteric epithelium 
covered by the visceral layer of codomic epithelium {Cad. Epthm'). 

From the ccelome are given off respiratory caeca {Resp. o^’), which 
project through the body- wall ; the latter contains spaces {p, h) derived 
horn the coelome. 
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The circular blood-vessel (C. B. V) surrounds the gullet and gives 
off radial vessels (AW. B. V) to the arms and an inter-radial plexus 
connected with a pentagonal ring round the intestine. 

The circular ambulacral vessel (C. Afnh. V) gives off radial vessels 
{RadxAmb. V) to the arms connected with the ampullce {Amp) and 
tube- feet {T. F)\ it is also connected with the stone-canal {St. C\ which 
opens externally by the madreporite {Mdpr). 

The nerve-ring (Ma R) gives off radial nerves {Rad. Nv) to the 
arms. 

The ovary {Ovy) is inter-radial, and opens by a dorsal oviduct {Ovd). 

and is probably an organ of smell. At the base of the 
tentacle is a bright red eye-spot {oc). 

Sections show that there is a well-marked coelome, 
separating the body-wall from the enteric canal and contain- 
ing the gonads, blood-vessels, &c. The body-wall consists 
externally of a very thin cuticle, then of a layer of dene 
epithelium or epidermis {Der. Epthm\ then of a thick, 
double, fibrous layer (Eerm)^ then of a thin and interrupted 
layer of muscle, and finally, of a layer of coelomic epithelium 
(Cat/. Epthm) bounding the body cavity. 

The ossicles with their spines together form an external 
skeleton or exoskeletofi : as already mentioned they are, for 
the most part, small irregular bodies developed in the 
fibrous layer of the body-wall, and overlapping one another 
in a scale-like fashion. But the ambulacral grooves are 
bounded by regularly arranged pairs of large, rod-like amhu- 
lacral ossicles {Amb. os).^ arranged like rafters, the dorsal 
ends of each pair uniting at the summit of the groove, 
while their ventral ends diverge and are connected with the 
ordinary ossicles at the edge of the arm. Between each 
ambulacral ossicle and its predecessor and successor in the 
row is an aperture, the ambtt/acral pore^ with which one bf 
the tube-feet is connected. 

The mouth (Fig. 76, a, vith) leads by a short gullet into 
a stomach (st) divisible into two portions, called respectively 
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the cardiac and pyloric divisions. The cardiac division 
*(Fig. 77, cai'd. s^)j into which the g'dlct opens, is a spacious 
sac, produced into five wide pouches, the cardiac area 
(Fig. 76, A, Qi, av : Fig. 77), one of which extends into ^he 



Fig. 77. — Digestive organs of a Starfish {Asierias riib€m\ seen from 
the dorsal aspect. 

The cardiac portion of the stomach {card, st) gives off five short 
cardiac cct^ca or pouches and leads into the pyloric division (///. s/), 
from wliich five bifid pyloric cocca (///. car) are continued to the ends 
of the arms. The short intestine is recognisable by the presence of the 
intestinal coeca (/;//. car) and of the anus (an) : madr^ madreporite, 
(From Parker and Ilaswclfs Zoology, after Leuckart.) 

base of each arm. When the starfish is feeding it can evert 
this cardiac sac over the shellfish or other object serving as 
prey, and is thus able to devour animals too large to be 
taken into the mouth : the everted stomach is afterwards 
drawn back by means of special muscles. Dorsally the 
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cardiac communicates with the small pyloric division 
(Fig. 77, pyl. st\ which also gives off five pouches, the 
pyloric cceca (Fig. 76 and TJ^pyl- cce) ; but each of these, 
insteffd of extending merely into the base of the correspond- 
ing arm, divides into two, and both branches extend to the 
extremity of the arm, giving^ off as they go small side- 
branches, so that the whole c^ecum has a tufted or sacculated 
character, 'fhe pyloric C9eca are lined by gland cells, and 
in them the digestion of the food takes place. They are 
connected witli the dorsal walls of the arms by mesenteric‘s 
(Fig, 76, n, mes). 

The pyloric division of the stomach leads into a very 
short i 7 itesti 7 ie which pas.ses upwards in a straight line to the 
anus (««), previously giving off two intestinal cceca (/>//. C(v) 
situated inter-radially — not radially like thc‘ blind offshoots 
of both divisions of the stomach. 

I'he whole enteric canal is lined with enteric epithelium 
(Fig. 76, Ent, EptJii7i)^ and is covered by the visceral layer 
of ccelomic epithelium {CivL Epilwi) : it has no muscular 
layer. "J’here is a spacious ccelome (dV/) between the body- 
wall and the enteric canal filled with a watery fluid contain- 
ing leucocytes. The coelomic epithelium is ciliated, the 
cilia effecting a circulation of the ccelomic fluid. The 
dermal gills {Eesp. coj), already referred to, communicate 
with the ccelome, and are, in fact, hollow outpushings of 
the body-wall. They serve to bring the coelomic fluid into 
close relation with the surrounding water, and are therefore 
to be looked upon as orgaTis of r€SpirQtio7i, 

One of the most characteristic structures in the anatomy 
of the starfish is a peculiar system of vessels called the 
water-vasadar or a 77 ibulacral syste 77 i : it is of great func 
tional importance, being connected with the working of the 
tube-feet. 
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l^hc central part of the ambulacral system is a pentagonal 
ttlbe (Fig. 78, c: Elg. 76, C, Amh, F) which surrounds the 
gullet, and is called the ambulacral ringoesseL l^'rom each 
angle of the pentagon is given off a f'adial ambulacral ^^essel 



Fig. 78. — The water vascular system of a Starfish (diagramatic). 
The ring- vessel (c) gives off five radial vessels (r), lateral off-shoots of 
which ir') are connected with the tube-feet (/) and ampullee (a). 

Jnter-radially the ring- vessels give off Polian vesicles (a/>) and the 
madreporic canal (r//) ending in the madreporite (m). (From 
Gegenbaur. ) 


(Fig. 78, r; Fig. 76, J^ad. A^ub. V) which proceeds to the 
end of the corresponding arm, lying in the dihedral angle 
included by the double row of ambulacral ossicles, and 
consequently external to this portion of the skeleton (Fig. 76, 
b). Each radial vessel sends off side branches (E'ig. 78, r) 
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which communicate with the hollow tube-feet (Fig. jf> ; 
Fig. 76, T. F.)^ and each tube-foot is connected by a narroV 
canal passing through an ambiilacral pore (p. 310) with a 
bladder-like body^ the ampu/ia (Fig. yS, a ; Fig. 76, Amp) 
lying in the ccelome. The ampullas consequently form a 
double row of bladders along the ventral region of the 
interior of the arm. 

The ring-vessel also gives off inter-radially, />., in the 
intervals between the arms, bladder-like bodies, the Polia 7 i 
vesicles (Fig. 78, ^/), a pair in each inter-radius. In one of 
the inter-radii there also goes off from the ring-vessel a tube, 
called the stone-canal (Fig. 78, m ; Fig. 76, St. c) from the 
fact that its walls are calcified, which passes directly upwards 
and becomes connected with the madreporite (Fig. 78, m ; 
Fig. 76, A, Mdpr). The latter is perforated by minute 
apertures which are in communication with the cavity of the 
stone-canal, and in this way the ambulacral system is placed 
in direct communication with the surrounding water. 

The whole ambulacral system contains a watery fluid, and 
its walls consist of a lining of epithelium and an outer 
muscular layer particularly well developed in the amj)ullm 
and tube-feet. Contraction of the muscles of the ampullm 
forces water into the tube-feet, and causes protrusion of 
these organs ; their withdrawal is brought about by the con- 
traction of the longitudinal muscles in their walls, by which 
the fluid is forced back into the ampullte. 

Thus the whole ambulacral system forms an elaborate 
locomotory apparatus worked by water-power. It is quite 
confined to Echinoderms. In all the other higher animals 
movements are effected by the direct, and not, as in this 
case, by the indirect action of muscles. 

A second system of vessels is present and constitutes the 
blood-system. Surrounding the gullet below the ambulacral 
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ring-vessel is a ring blood-vessel {¥\g. 76, a, C. B. V), send- 
ihg off radial blood-vessels {Rad. B. V) to the arms. An 
inter-radial sinus or blood-space lies alongside the stone 
canal, surrounding the ovoid gland (sec p. 316), and is^con 
nected below with the ring-vessel and above with a 
pentagonal vessel or sinus, from which inter-radial branches 
proceed to the gonads. 

The nervous system is considerably simpler than that of 
Polygordius. It consists, in the first place, of a pentagonal 
nen^e-ring (^Pig. 76, a, Nv. R) surrounding the mouth, and 
having the character of a mere thickening of the deric 
epithelium. From each of its angles goes off a radial ?ien>e 
{Rad. Alv) which [lasses along the arm below the ambu- 
lacral and blood-vessels, and is also nothing more than a 
thickening 6f the epidcrmi.s, some of the cells of which are 
modified into nerve cells and fibres. At the end of the 
arm the radial nerve terminates in the eye-spot. In addition 
to this superficial nervous system there is a deep nervous 
system, situated internal to the former, and consisting of a 
double pentagon round the mouth, sending off double radial 
nerves to the arms. I'here are also scattered nervous 
elements in the dorsal region of the body-wall. 

Like Polygordius, the starfish is dioecious ; there is no 
external distinction between the sexes, and even the ovaries 
and spermaries can be distinguished only by microscopical 
examination. There are five pairs of gonads — ovaries 
(f'ig. 76, A, 07 jy) or spermaries as the case may be — one 
pair in each inter-radius. Each gonad has the form of a 
bunch of grapes, being a much lobed sac lined by epithelium 
from which the ova or sperms are developed. It is con- 
tinued into a tube or gonoduct, called sperniiduct in the 
male, oviduct {Ovd) in the female, which opens inter-radially 
. on the dorsal surface close to the bases of the arms. The 
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gonads are all connected by cords of tissue with an organ 
called the c7^oid gland, which lies alongside the stone-canal 
and is surrounded by a blood sinus. Its function is prob- 
ably*the formation of leucocytes. 

*^'he ova and sperms arc shed into the water, where inn 



Flc. 79, — Early stages in the development of a Starfish. 

A. The polyplast, surrounded by the vitelline membrane. 

B. The blaslula, in seetion. 

c. The gaslrula, external view, showing the blastopore p). 

D. The gastrula, in vertical section : a 7 rh, enteron. 

K. More advanced gastrula, with ciliated ectoderm. 

Arch, enteron ; blastoc, blastoccele ; bl.p. blastopore ; cc(, ectoderm ; 
end. endoderni. 

(From Parker and Haswell’s Zoology/.) 


pregnation takes place. The oosperm undergoes the usual 
process of segmentation, forming a polyplast (Fig. 79, A), 
which is soon converted into a blastula (r) by the cells arrang- 
ing themselves round a central cavity. One side of the 
blastula becomes invaginated or tucked in, and a gastrula. 
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(c, D, e) is formed, the cells becoming differentiated into 
ectoderm and endoderm, and the ectoderm cells acquiring 
cilia. The gastrula gradually takes on the form of a peculiar 
free-swimming larva having a certain general resemb?knce 
to the trochosphere and called a bipmnai'ia (Fig. 80) : it 
differs from the adult starfish in showing no trace of radial 
symmetry, the body being produced into several ciliated 



Fig. 8o.~ Three btag:es in the development of the Bipinnaria larva of 
a Starfish. An^ anus ; aor, i)re-oral ciliated ring ; mo^ mouth ; por^ 
post-oral ciliated ring. (From Barker and llaswcll, after Leuckart 
and Nitschc. ) 

processes or arms, all bilaterally arranged, and the enteric 
canal having the form of a curved cylindrical tube, consist- 
ing of gullet, stomach, and intestine lying in the median 
plane. The bipinnaria lives a free life for a time, swimming 
by means of its cilia, and finally, by a complex series of 
changes, undergoes gradual metamorphosis into the adult 
starfish. 
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The Starfish has furnished us with an example of an 
animal in which an obvious radial symmetry is, as it were, 
sujierposed upon an original bilateral symmetry : in which 
also there is an extremely simple form of nervous system, 
a unique type of locomotory apparatus, and no trace of 
metameric segmentation. We have now to study, in the 
crayfish, an animal formed upon quite the same general 
plan of structure as Polygordius as to segmentation, arrange- 
ment of organs, &c., but which reaches, in every respect, a 
far higher grade of organisation. 

The Common British Fresh- water Crayfish is As/nais 
fiuvialilis ; allied species occur in Europe, Asia, and 
America. The following description will apply almost 
equally well to the Lobster, Homarus vulgaris. 

The body of the crayfish (Fig. 8i) is divided into two 
regions, an anterior, the cephalothorax^ which is unjointed 
and is covered by a cuirass-like structure, the carapace^ and 
a posterior, the abdomen^ wEich is divided into distinct seg- 
ments, movable upon one another in a vertical plane. The 
cephalothorax is again divided into two regions, an anterior, 
the head {cth\ and a posterior, the thorax (kd), by a trans- 
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verse deprdiion, the cervical groove. The carapace is 
developed frqtn the dorsal and lateral regions of both head 
and thorax : it 4s free at the sides of the thorax, where it 
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Fig. 81. - Side view of inaie Fresh-water Crayfish, natural size. 

The ecphalothorax is covered by the carapace, produced in front into 
a rostrum {r) and divisible into cephalic {cih) and thoracic {kd) portions 
separated by an oblique cervical groove. The line from kd points to 
the gill-cover. 

The abdomen (a/^) is made uj) of six movably articulated segments 
(xiv-xix), followed by a tclson, the extremity which is indicated by 
the lower end of the bracket from ab. 

The eye-stalk is seen at the base of the rostrum. 

Of the eetdialie api)endages the antennule {a}) and antenna {d^) are 
shown ; of the thoracic appendage the third maxilliped (8), the enlarged 
first leg or cheliped (9), and the four slender walking legs (10-13) ; of 
the abdominal appendages three pleopods and the uropod (l8). 

(From Lang, after ITuxley. ) 


forms a flap or gill-cover (F1g. 83, B, Brstg) on each side, 
separated from the actual body-wall by a narrow space in 
which the gills are contained. 

From the ventral surface spring a number of paired Umhs 
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or appendages^ structures which we have not hitherto met 
with. Both trunk and appendages are covered with a sort 
of shell, formed of a substance called chitin, strongly im- 
pregtiated with carbonate of lime so as to be hard and but 
slightly elastic. 

The abdomen is made up of seven segments : the first 
six of these (Fig. 8i, xiv-xix) are to be considered as meta- 
meres in the sense in which the word is used in the case of 
Polygordius. Each has a ring-like form, presenting a broad 
dorsal region or tergum ; a narrow ventral region or sterfium , 
and downwardly directed lateral processes, the pleura. The 
seventh division of the abdomen is the telsofi : it is flattened 
horizontally and divided by a transverse groove into anterior 
and posterior portions. All seven segments are calcified, 
and are united to one another by chitinous articular mem- 
branes : the first segment is similarly joined to the thorax. 
Thus the exoskeleton of the Crayfish is a continuous 
structure, but is discontinuously calcified so as to have the 
character of a hard jointed armour. 

It has been stated that the abdominal segments are 
movable upon one another in a vertical plane, l.e., the whole 
abdomen can be extended or straightened, and flexed or bent 
under the cephalothorax : the segments are incapable of 
movement from side to side. This is due to the fact that, 
while adjacent segments are connected dorsal ly and ven 
trally by flexible articular membranes, they present at each 
side a joints placed at the junction of the tergum and 
pleuron, and formed by a little peg-like process of one seg- 
ment fitting into a depression or socket in the other. A 
line drawn between the right and left joints constitutes the 
axis of articulation., and the only possible movement is in a 
plane at right angles to this axis. 

Owing to the presence of the carapace the thoracic region 
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is immovable, and shows no distinction into segnients cither 
on its dorsal (tergal) or lateral (pleural) aspect, but on the 
ventral surface the sterna of the thoracic segments^ are 
clearly marked oif by transverse groovi s, ajid the hindmost 
of them is slightly movable. Altogether eight thoracic 
segments can be counted. 

The ventral and lateral regions of the thoracic exoskeleton 
are produced into the interior of the body in tlie form of 
a segmental series of calcified plates, so arranged as to form 
a row of lateral chambers in which the muscles of the limbs 
lie, and a median tunnel-like passage or ster?ial con- 

taining the thoracic jiortion of the nervous system, d'he 
entire endophragmal syswn, as it is called, constitutes a kind 
of internal skeleton (Idg. 83, f). 

The head exhibits no segmentation : its sternal region is 
formed largely by a shield- shaped plate, the epistoina^ nearly 
vertical in position. 1 he ventral surface of the head is, in 
fact, bent so as to face forwards instead of downwards. The 
cephalic region of the carapace is produced in front into a 
large median spine, the rostrum (Fig. 81, r) : immediately 
below it is a plate from which spring two movabl)' articu- 
lated cylindrical bodies, the eye-stalks^ bearing the eyes at 
their ends. 

The appendages have very various forms, and are all, like 
the abdomen, jointed or segmented, being divisible into 
freely articulated limb-segments or podomeres. The observer 
is at once struck by the long feelers attached to the head, the 
five pairs of legs springing from the thorax, and the little 
fin-like bodies arising from the sterna of the abdomen, ft 
will be convenient to begin with the last-named region. 

The third, fourth, and fifth segments of the abdomen 
bear each a pair of small appendages, the swimming-feet 
Qf^kopods. A pleopod (Fig. 82, 10) consists of an axis or 

Y 
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Fig. 82.— The principal appendages of the Fresh-water Crayfish 
placed in the same position, with the protopoclite {J>r) and epipodite {ep) 
downwards, the endopodite {pn) to the left, and the cxopodite {px) to 
the right. 

The protopodite is typically formed of two podomeres {pr. i, pr, 2), 
the endopodite of five {pn. i-cn. 5) : a gill {,ip) may be attached to the 
epipodite and a bunch of long setae to the protopodite (7 and 8). 

The three segments of the antennule are marked 1-3, its flagella fl. i 
and fl. 2. \ at the distal end of the endopodite of the antenna is a 
flagellum {fl). 

(From Parker and Haswell’s Zoology^ after Huxley.) 
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protopodite having a very short proximal ( pr, i), and a long 
distal {pr. 2) podomere, and bearing at its fiee end two 
jointed plates, fringed with seta^, the cfidopodite {eft) and 
exopodife {ex). These appendages act as fins, moving Lack- 
wards and forwards with a legulnr swing, and probably aid- 
ing in the animals forward movements. 

In the female a similar appendage is borne on the second 
segment, while that of the first is more or less nidimentary. 
In the male the first and second pleopods (9) are modified 
into incomplete tubes which act as copulatory orgai’is, serving 
to transfer the spermatophorcs to the body of the female. 
The sixth pair of pleopods (11) are alike in the two sexes: 
they are very large, both endo- and exopodite having the 
form of broad flat plates : in the natural position of the 
parts they lie one on each side of the telson, forming with 
it a large five-lobed tail nn : they are therefore conveniently 
called nropods or tail feet. The telson itself bears no 
appendages. 

The thoracic appendages are very different. Tlie four 
posterior segments bear long slender, jointed kgs (Fig. 81, 
10-T3), upon which the animal w^alks : in front of these is a 
jiair of very large legs (9) terminating in huge claws or chelce., 
and hence called chelipeds. The three anterior segments 
bear much smaller appendages (8), more or less leg-like in 
form, but having their bases toothed to serve as jaws : they 
are distinguished as maxillipeds or foot-jaws. 

The structure of these appendages is best understood by 
a consideration of the third maxilliped (Fig. 82, 7). The 
main portion of the limb is formed of seven podomeres 
arranged in a single series, strongly calcified, and, with the 
exception of the second and third, which are fused, movably 
articulated with one another. The second podomere, 
counting from the proximal end, bears a many-jointed 

Y 2 
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feeler-like organ {ex)^ and fi om the first springs a thin, folded 
plate (ep) having a plume-like gill {g) attached to it. The 
first two segments of the axis form the protopodite, its 
remaining five segments the endopodite, and the feeler, 
which is directed outwards, or away from the median plane, 
the exopodite. The folded plate is called the epipodite : in 
the natural position of the parts it is directed upwards, and 
lies in the gill-cavity between the proper wall of the thorax 
and the gill-cover (Fig. 87, a , phd.). 

The five legs (8) differ from the third maxilliped in their 
greater size, and in having no exopodite : in the fifth or last 
the epipodite also is absent. The first three of them have 
undergone a curious modification, by which their ends are 
converted into pincers or chelce : the fourth segment of the 
endopodite (sixth of the entire limb, en, 4) is produced dis- 
tally so as to form a claw-like projection {en. 4'), against 
which the terminal segment {en, 5) bites. The first leg is 
much stouter than any of the others, and its chela is of 
immense size, and forms an important weapon of offence 
and defence, d'he second maxilliped resembles the third, 
but is considerably smaller : the first (6) has its endopodite 
greatly reduced, the two segments of its protopodite large 
and leaf-like, and no gill is connected with the epipodite. 

The head bears a j)air of mandibles and two pairs of 
maxillse in relation with the mouth, and in front of that 
aperture a pair of antennules and one of antennae. The 
hindmost appendage of the head is the seco7id maxilla (5), 
a Icaf-like appendage, its x>rotopodite being cut up into 
lobes, while the exopodite is modified into a boomerang- 
shaped plate, which, as we shall see, is an important 
accessory organ of respiration. The first maxilla (4) is a 
very small organ, having neither exo- nor epipodite. The 
mandible (3) is a large, strongly calcified body, toothed along 
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its inner edge, and bearing on its anterior border a little 
*three-jointed feeler-like body, the palp^ the two distal seg- 
ments of which represent the endopodite, its proximaJ 
segment, together with the mandible proper, the protopodite. 

The antenna (2) is of great size, being nearly as long as 
the whole body. It consists of an axis of five podomeres, 
the fifth or last of which bears a long, flexible, many-joinifed 
structure, or flagellum {fl), while from the second segm^^h't 
springs a scale-like body or squame {ex). It is fairly obvious 
that the two proximal segments represent the protopodite, 
the remaining three, with the flagellum, the endopodite, and 
the scjuame the exopodite. 

The aniennuh (1) has an axis of three podomeres ending 
in two many-jointed flagella {fl. i^fl. 2), which are some- 
times considered as endo- and exopodite. But in all the 
other limbs, as we have seen, the exopodite springs from 
the second segment of the axis, and the probabilities are 
that there is no exact correspondence between the parts of 
the antennule and those of the remaining appendages. 

The eye-stalks^ already noticed, arise just above the an- 
tennules, and are formed each of a small proximal and a 
large distal ^gment. They are sometimes counted as 
ai)pendages:)|?lkirially homologous with the antennae and 
legs, &c,, are more properly to be looked upon as 
articulated processes of the prostomium. It is possible 
that the antennules are also prostomial and not metanuric 
structures : assuming this to be the case, it will be seen 
that the body of the crayfish consists of a prbstomium, 
eighteen metameres, and a telson, which is probably com- 
posed of an anal segment plus a post-anal extension. The 
prostomium bears eye-stalks and antennules : the first four 
metameres are fused with the prostomium to form the head, 
and bear the antennae, mandibles, first maxillae, and second 
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maxilla: : the next eight nietanieres (iifth — twelfth) consti- 
tute the thorax, and bear the three pairs of maxillipeds and 
the five pairs of legs : the remaining six metameres (thirteenth 
— ei^tcenth), together with the anal segment, constitute 
the abdomen, and bear five pairs of pleopods and one of 
uropods. 

f The articulation of the various podomeres of the append- 
ages is on the same plan as that of the abdominal segments 
(p. 320). The podomeres are, it must be remembered, rigid 
tubes : they are connected with one another by flexible 
articular membranes (Fig. 85, art, ;;/), but at two points the 
adjacent ends of the tubes come into contact with one 
another and are articulated by peg-and-socket joints (//), the 
two joints being at opposite ends of a diameter which forms 
the axis of articulation. The two podomeres can therefore 
be moved upon one another in a plane at right angles to 
the axis of articulation and in no other direction, the joints 
being pure hinge-joints. As a rule the range of movement 
is from the {lerpendicular to a tolerably extensive flexion on 
one side — the articulations are single-jointed, like our own 
elbows and knees. The whole limb is, however, capable of 
universal movement, owing to the fact that th^axes of articu- 
lation vary in direction in successive joints : the first 
joint of a limb bending, for instance, up «liid down, the 
next backwards and forwards, the next obliquely, and so on. 
In some cases, in the pleopods, peg-and-socket joints are 
absent, the articulation being formed merely by an annular 
articular membrane, movement being therefore possible in 
any plane. 

Sc^ctions show the body-wall to consist of a layer of deric 
ejiithelium (Fig. 83, Der. Epthni) secreting a thick cuticle 
(O/'), a layer of connective tissue forming the dermis 
{Derm)^ and a very thick layer of large and complicated 
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muscles (J/), which fill up a great part of the interio’* of the 
body. Neither on the deric epithelium nor elsewhere are 
there any cilia, the absence of these structures being gene- 
rally characteristic of Arthropods. » 

The cuticle {Cu) is of great thickness, and except at the 
joints between the various segments of the body and limbs, 
is impregnated with lime salts so as to form a hard, jointed 
armour. It thus constitutes a skeleton which, unlike that 
of the starfish (p. 310), is a cuticular exoskeleton, forming a 
continuous investment over the w^hole body but discon* 
tinuously calcified. It is shed and renewed periodically — 
once a year during adult life — the process being known as 
eedysis. 

The muscular system shows a great advance in complexity 
over that of Polygordius, and consists entirely of transversely 
striated fibres. In the abdomen the muscles are of great 
size, and are divisible into a smaller dorsal and a larger 
ventral set. The dorsal muscles (Fig. 86, em ; Fig. 84, 
d. m) are paired longitudin.al bands, divided into segments 
called myomeres^ and inserted by connective tissue into the 
anterior border of each segment : anteriorly they are trace- 
able into the thorax, where they arise from the side-walls of 
that region. When these muscles contract they draw the 
anterior edge of each tergum under the posterior edge of 
its predecessor, and thus extend or straighten the abdomen. 

'The ventral muscles (Fig. 86, / vi) are extraordinarily 
complex. Omitting details, there is on each side a w^avy 
longitudinal band of muscle (Fig. 84, m), nearly circular in 
section, which sends off a slip (ex) to be inserted into each 
segment above the hinge : the contraction of this muscle 
must obviously tend to approximate the terga, and so aid 
the dorsal muscles in extending the abdomen. Around this 
central muscle is wrapped, in each segment, a band of 
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The body is divided into a head {Hd) and thorax (77^), together 
constituting the cephalothorax (C. 77/), and seven free abdominal 
•segments {Abd, seg, i, Abd. seg. 7 ) : the head is produced in front into 
a rostrum (A^). 

The l)ody-wall consists of cuticle (C//), partly calcified to form the 
exoskeleton, deric epithelium {Der. Epthm)^ dermis {Derm), *and a 
very thick layer of muscle {M) which in the abdomen is distinctlv 
segmented. 

The mouth {Mth) leads by a short gullet {Gut) into a large stomach 
(i*/), from which a short small intestine (A. Int) leads into a large in- 
testine (Z. Int), ending in the anus {An). Opening into the small 
intestine are the digestive glands {D. Gl). The epithelium of the; small 
intestine and digestive glands is endodennal, that of the rest of the canal 
is ectodermal and secretes a cuticle : the outer layer throughout is 
mesodermal (connective tissue and muscle). 

The cavity {B. A) between the enteric canal and the body -muscles is 
a blood-sinus. 

d'hc heart {lit) is enclosed in the pericardial sinus {Per. S) : the 
chief ventral blood-vessel or sternal artery (.S/. A) is shown in B. 

The gills ^B. 67//) are enclosed in a cavity formed by a fold of the 
thoracic body-wall called the branchiostegite {Brstg) : they arc formed 
of the same layers as the body-wall, of which they are offshoots. 

The kidneys (A, K) arc situated in the head. 

The brain {Br) lies in the prostomium : the ventral nerve- cord {V. 
Nv. Cd) consists of a chain of ganglia ( Gn) united V)y connectives. 

The ovary {o7y) is a hollow organ opening by an oviduct (b, ovd) on 
the base of one of the legs (Z^r^). 


muscle (env. m) in the form of a loop, the outer limb of 
which {fl) turns forw^ards and is inserted into a sternum, 
wdiile the inner limb {fl) turns backwards and is inserted 
into another and more posterior sternum. The contraction 
of this enveloping nmscle produces an approximation of the 
sterna, and thus flexes the abdomen, the central muscle 
always keeping the middle of the loop in place. The 
ventral muscles are, like the dorsal, traceable into the 
thorax, where they arise from the endophragmal system : 
their various parts are connected by a complex system of 
fibres extending betw’'een the central and enveloping muscles, 
and connecting both with their fellows of the opposite side. 
The flexor muscles are immensely powerful, and produce, 
when acting together, a sudden and violent bending of the 
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Eig. 84. — ])ijoiani illu^lr.iling the action of the abdominal muscles 
in the Crayfish. A shows tlic ])osition in extension, B in flexion. 

Four abdominal segments are shown in sagittal section : terga ; 

st, sterna ; ari. w, tergal articular membranes j art. m\ sternal articular 
membranes ; h. hinges. 

The muscles are represented as narrow bands (comp. Fig. 86 for their 
actual dimensions), and their arrangement is greatly simplified, dm^ 
dorsal muscles ; r/;/, central muscle giving off extensor slips {ex) ; 
env. ;//, enveloping muscles continued into anterior (//) and posterior 
(/?') flexor slips. 

(From Parker and Ilaswell’s Zoology.) 


abdomen upon the cephalothorax, causing the crayfish to 
dart backwards with great rapidity. 




• Fig. 85.— a leg of the Fresh-water Crayhsh with part of the exo- 
skeleton removed to show the muscles. 

rn. 2~cn. 5, segments of endopodilc ; h, hinges ; art, ///, articular 
membrane j ext^ extensor muscles ; fl, flexor muscles. 

(From Parker and Haswell’s Zoology.) 
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It will be seen that the body-muscles of Astacus cannot 
be said to form a layer of the body-wall, as in Polygordius, 
but constitute an immense fleshy mass, filling up the greater 
part* of the body-cavity, and leaving a very small space 
around the enteric canal. 

In the limbs (Pig. 85) each podomere is acted upon by 
two muscles situated in the next proximal podomere. These 
muscles are inserted, by chitinous and often calcified 
tendons, into the i)roximal edge of the segment to be 
moved, the smaller {ex/) on the extensor, the larger {fi) on 
the flexor side, in each case half-way between the two 
hinges, so that a line joining the two muscular insertions is 
at right angles to the axis of articulation. 

The digestive organs are constructed on the same general 
plan as those of J^olygordius, but present many striking 
differences. The mouf/i (Fig. 83, a, M/A) lies in the middle 
ventral line of the head, and is bounded in front by a shield" 
shaped process, the labrum^ at the sides by the mandibles, 
and behind by a pair of delicate lobes, the paragnatha. It 
leads by a short wide gullet (Fig. 83, G’^Z/Fig. 86, oe) into 
a capacious stomach, which occupies a great part of the 
interior of the head, and is divided into a large anterior or 
cardiac division (Fig. 83, St ; Fig. 86, cs), and a small [)os- 
terior or pyloric division (ps) : the latter passes into a narrow 
and very short S7nall intestine (Fig. 83, S. Int ; Fig. 86, md), 
from which a somewhat wider large intestine (Fig. 83, Z. 
Int ; Fig. 86, hd) extends to the anus {an), situated on the 
ventral surface of the telson. 

The outer layer of the enteric canal consists of connective 
tissue containing striped muscular fibres : within this is a 
single layer of columnar epithelial cells, none of them 
glandular. In the gullet and stomach, and in the large 
intestine, the epithelium secretes a layer of chitin, which 




, Fig. 86. — Dissection of Fresh-water Crayfish made by removing the 
exoskeleton with the appendages and the muscles, digestive gland and 
kidney of the right side (compare with diagrammatic figure 83, A). 

aa^ antennary artery ; ab, abdomen ; an^ anus ; b. d, aperture of 
right digestive duct exposed by removal of gland ; bf, 4, cheliped ; 
ventral nerve cord ; cs, cardiac division of stomach ; cih, cephalo- 
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thorax ; a', gullet ; dorsal muscles ; ventral muscles ; g, brain ; 
//, heart ; hd, large intestine ; h\ left digestive gland ; md, small intes^- 
tine ; right lateral ostium of heart ; oa, ophthalmic artery ; oaa^ dorsal 
abdominal artery ; a\ gullet ; pi. 1-5, pleopods ; pi. 6, uropod ; /i, 
pyloric division of stomach ; j-. a, sternal artery ; / (near heart), testis ; 
i (belSw anus) telson ; itaa^ ventral abdominal artery ; v. d, vas defer- 
ens ; Dds^ male genital aperture. 

(From Lang, after Huxley.) 

thus constitutes the innermost layer of those cavities. It is 
})roved by development that the small intestine, which has 
no chitinous lining, is the only part of the enteric canal 
developed from the enteron of the embryo : the gullet and 
stomach arise from the stomodaium, the large intestine from 
the proctodaium. Thus a very small portion of the enteric 
epithelium is endodermal (see Fig. 83, a). 

In the cardiac division of the stomach the ehitinous 
lining is thickened and calcified in certain parts, so as to 
form a complex articulated framework, the gastric on 
which are borne a median and two lateral teeth^ strongly 
calcified and projecting into the cavity of the stomach, 
d'wo pairs of strong muscles arise from the carapace, and 
are inserted into the stomach : when they contract they 
move the mill in such a way that the three teeth meet in 
the middle line and complete the comminution of the food 
begun by the jaws. The separation of the teeth is effected 
partly by the elasticity of the mill, partly by delicate muscles 
in the walls of the stomach. The pyloric division of the 
stomach forms a strainer : its walls are thickened and pro- 
duced into numerous setae, which extend quite across the 
narrow lumen and prevent the passage of any but finely 
divided particles into the intestine. Thus the stomach has 
no digestive function, but is merely a masticating and strain- 
ing apparatus. On each side of the cardiac division is 
found, at certain seasons of the year, a plano-convex mass 
of calcareous matter, gasiro lit h or “crabVeye.” 
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The digestion of the food, and to some extent the absorp- 
tion of the digested products, are performed by a pair of 
large glands (Fig. 83, D. Gl ; Fig. 86, /r), lying one on each 
side of the stomach and anterior end of the intestine. *They 
are formed of finger-like sacs or c(^ca^ which discharge into 
wide ducts opening into the small intestine, and are lined 
with glandular epithelium derived from the endoderm of the 
embryo. The glands are often called livers, but as the 
yellow fluid they secrete digests proteids as w^ell as fat, the 
name Jiepato-pancreas is often applied to them, or they may 
be called simply digestive glands. The crayfish is car- 
nivorous, its food consisting largely of decaying animal 
matter. 

The digestive organs and other viscera are surrounded by 
a body-cavity, which is in free communication with the 
blood-vessels and itself contains blood. This cavity is not 
lined by epithelium, and is to be looked upon as an immense 
blood-sinus, and not as a true coelome. 

There are well-developed respiratory organs in the form 
of gills (Fig. 83, b), contained in a narrow branchial 
chamber, bounded internally by the proper wall of the 
thorax, externally by the gill-cover or pleural region of the 
carapace. Each gill consists of a stem giving off numerous 
branchial filaments, so that the whole organ is plume-like. 
The filaments are hollow and communicate with two parallel 
canals in the stem — an external, the afferent branchial vein, 
and an internal, the effere 7 it branchial vein. The gill is to 
be considered as an out-pushing of the body-wall, and con- 
tains the same layers — a thin layer of chitin externally, then 
•a single layer of epithelial cells, and beneath this connective 
tissue, hollowed out for the blood channels. 

According to their point of origin the gills are divisible 
into three sets — first, podobraiichm or foot-gills (Fig. 87, a 




Fig. 87. —Two dissections showing the gills of the Fresh-water Crayfish. 

In A the right gill-cover has been removed, but the gills are undis- 
turbed : in B the podobranchise \pdh, in A) are cut away, and the outer 
set of arthrobranchice {arh^) turned down to show the inner arthro- 
branchiee {arh) and the pleurobranchice (//. h). 

All the gills are numbered according to the segment from which they 
spring, the first thoracic segment being numbered 6, the last 13. 

ep. 5, scaphognathite. 

ab. I, ab. 2, abdominal segments ; antennule ; antenna ; 6-8, 
maxillipeds ; 9-13, legs ; pi. i, first pleopod. 

(From Lang, after Huxley.) 
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pdb), springing from the opipodites of the thoracic appen- 
dages, from which they are only partially separable ; secondly, 
arihrobranchicE or joint-gills (b, aro\ springing from the 
articular membranes connecting the thoracic appenTlages 
with the trunk ; and thirdly, pleurobranchice^ or waU-gilL> 
(//^), springing from the lateral walls of the thorax, above 
the attachment of the appendages. The total number oi 
gills is eighteen, besides two filaments representing vestigial 
or vanishing gills. 

The excretory organs differ both in position and in form 
from those of Polygordius. There are no distinct Nephridia, 
but at the base of ea h antenna is an organ of a greenish 
ccjlour, tli<^ a?itm 7 iary or green ghiftd (Fig. 83, a, A'), by 
which the function of renal excretion is performed. I'he 
gland is cushion-shaped, and contains canals and irregular 
spaces lined by glandular epithelium : it discharges its secre- 
tion into a thin-walled sac or nrifiary bladder^ which opens 
by a duct on the jiroximal segment of the antenna. The 
green glands are to be lo«dced upon as organs of the same 
general nature as nephridia. 

The circulatory organs are in a high state of development. 
The heart (Fig. 83, lit ; Fig. 86, h) is situated in the dorsal 
region of the thorax, and is a roughly polygonal muscular 
organ pierced by three pairs of apertures or ostia (Fig. 86, <?), 
guarded by valves which open inwards. It is enclosed in a 
spacious pericardial sinus (Fig. 83, Fed, S\ which contains 
blood. From the heart spring a number of narrow tubes, 
called arteries, which serve to convey the blood to various 
parts of the body. At the origin of each artery from the 
heart are valves which allow of the flow of blood in one 
direction only, viz., from the heart to the artery. From the 
anterior end of the heart arise five vessels — a median 
ophthahinc artery (Fig. 86, od), which passes forwards to the 

Z 
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eyes; paired anfennary arUries (aa), going to the anten- 
nulCvS, antennDD, green glands, &c., and sending off branche!^ 
to the stomach ; and paired hepatic arteries^ going to the 
digestive glands. 1'he posterior end of the heart gives off 
two unpaired arteries practically united at their origin, the 
dorsal abdominal artery (oaa)^ which passes backwards 
above the intestine, sending branches to it and to the dorsal 
muscles ; and the large sternal artery (sa)^ which passes 
directly downwards, indifferently to right or left of the 
intestine, passing between the connectives uniting the third 
and fourth thoracic ganglia, and then turns forwards and 
runs in the sternal canal, immediately beneath the nerve- 
cord, and sends off branches to the legs, jaws, &c. At the 
point where the sternal artery turns forwards it gives off the 
median ventral abdommal artery {zk a. a)^ which passes 
backwards beneath the nerve-cord, and supplies the ventral 
muscles, pleopods, &c. 

All these arteries branch extensively in the various organs 
they supply, becoming divided into smaller and smaller off- 
shoots, which finally end in microscopic vessels called 
capillaries These latter end by open mouths which com- 
municate with the blood-sinuses, spacious cavities lying 
among the muscles and viscera, and all communicating 
sooner or later with the sternal sinus (Fig. 83, a, B. S), 
a great median canal running longitudinally along the 
thorax and abdomen, and containing the ventral nerve-cord 
and the sternal and ventral abdominal arteries. In the 
thorax the sternal sinus (Fig. 88, st. s) sends an offshoot to 
each gill in the form of a well-defined vessel, which passes 
up the outer side of the gill and is called the afferent 
branchial vein (of. br. v). Spaces in the gill-filaments place 
the afferent in communication with the efferent branchial 
vein {ef, hr, v\ which occupies the inner side of the gill- 
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stem. The eighteen efferent branchial veins open into six 
*branchio-cardiac veins {br. c, v\ which pass dorsally in close 
contact with the lateral wall of the thorax and open into 
the pericardial sinus. 

d'he whole of this system of cavities is full of blood, and 
the heart is rhythmically contractile. When it contracts the 
blood contained in it is prevented from entering the peri- 
cardial sinus by the closure of the valves of the ostia, and 
therefore takes the only other course open to it, viz.^ into 
the arteries. When the heart relaxes, the blood in the 
arteries is prevented from regurgitating by the valves at 
their origins, and the pressure of blood in the pericardial 
sinus forces open the valves of the ostia and so fills the 
heart. Thus in virtue of the successive contractions of the 
heart, and of the disposition of the valves, the blood is kept 
constantly moving in one direction, viz.y from the heart by 
the arteries to the. various organs of the body, where it 
receives carbonic acid and other waste matters ; thence by 
sinuses into the great sternal sinus ; from the sternal sinus 
by afferent branchial veins to the gills, where it exchanges 
carbonic acid for oxygen ; from the gills by efferent branchial 
veins to the branchio-cardiac veins, thence into the peri' 
cardial sinus, and so to the heart once more. 

It will be seen that the circulatory system of the crayfish 
consists of three sections — (i) the heart or organ of pro- 
pulsion ; (2) a system of out-going channels, the arteries^ 
which carry the blood from the heart to the body generally ; 
and (3) a system of returning channels — some of them, the 
sinuses, mere irregular cavities, others, the veins, with 
definite walls — these return the blood from the various 
organs back to the heart. The respiratory organs, it should 
be observed, are interposed in the returning current, so that 
blood is taken both to and from the gills by veins. 
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Comparing the blood-vessels of Astacus with those of 
Polygordius, it would seem that the ophthalmic artery^ 
heart, and dorsal abdominal artery together answer to the 
dorsal vessel, part of which has become enlarged and mus- 
cular, and discharges the whole function of propelling tkm 



Fig. 88. — Diagram illustrating the course of the circulation of the blood 
in the Crayfish. 

Heart and arteries red : veins and sinuses containing non-aerated 
blood blue : veins and sinuses containing aerated blood pink. 

The arrows show the direction of the flow. 

The blood from the pericardial sinus {pcd. s) enters the heart (/^/) by 
a valvular aperture is propelled into arteries (a), the orifices of 

which are guarded by valves {v^) : the ultimate branches of the arteries 
discharge the blood into sinuses {s), and the sinuses in various parts of 
the body debouch into the sternal sinus {st, s) : thence the blood is taken 
by the afferent branchial vein§ {a/, br. v) intb the gills, where it is purified 
and is returned by efferent branchial veins {e/. br. v) into the branchio- 
cardiac veins {br. c. v) which open into the pericardial sinus, 

(From Parker and Haswell’s Zoology.') 


blood. The horizontal portion of the sternal artery, together 
with the ventral abdominal, represent the ventral vessel, 
while the vertical portion of the sternal artery is a com- 
missure, developed sometimes on the right, sometimes on 
the left side, its fellow being suppressed, 
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The blood when first drawn is colourless, but after ex- 
[^osure to the air takes on a bluish-gray tint. This is owing 
to tlie presence of a colouring matter called hccmocyanin^ 
which becomes blue when combined with oxyger ; it* is a 
respiratory pigment, and serves, like haemoglobin, as a 
carrier of oxygen from the external medium to the tissues. 
The haemocyanin is contained in the plasma of the blood : 
the corpuscles are all leucocytes. 

The nenmis system consists, like that of Polygordius, of 
a brain (Fig. 86, g) and a ventral nerve-cord (/;//), united by 
oesophageal connectives. But the ventral nerve-cord is 
differentiated into a series of paired swellings or gmiglia to 
which the nerve-cells are confined, united by longitudinal 
connectives. The bmin supplies not only the eyes and 
antennules, but the antennae as well, and it is found by 
development that the two pairs of ganglia belonging to the 
antenniilary and antennary segments have fused with the 
brain proper. Hence we have to distinguish between a 
primary brain or archi-certtrim^ the ganglion of the prosto- 
mium, and a secondary brain or syfi-cerebrum formed by the 
union of one or more pairs of ganglia of the ventral cord 
with the archi-cerebrum. A further case of concrescence of 
ganglia is seen in the ventral nerve-cord, where the ganglia 
of the last three cejihalic and first three thoracic segments 
have united to form a large compound sub-cesophageal 
ganglio?i. All the remaining segments have their own 
ganglia, with the exception of the telson, which is supplied 
from the ganglion of the preceding segment. There is a 
visceral system of nerves supplying the stomach, originating 
in jiart from the brain and in part from the oesophageal 
connectives. 

The eyes have a very complex structure. The chitinous 
cuticle covering the distal end of the eye-stalk is transparent, 



34 ^ 


TH^^ CRAVF'ISH 


l.KSS. 


divided by delicate lines into square areas or facets^ and 
constitutes the cornea. Beneath each facet of the cornea isi 
an apparatus called an Ofnmatidemn, consisting of an outer 
segment or vitreous body having a refractive function, and 
an inner segment or retinula forming the actual visual 
portion of the apparatus. The ommatidia are optically 
separated from one another by black pigment, so that each 
is a distinct organ of sight, and the entire eye is called a 
compound eye. 

The antennules contain two sensory organs, to which are 
assigned the functions of smell and hearing respectively. 
The olfactory organ is constituted by a number of extremely 
delicate olfactory sche^ borne on the external flagellum and 
supplied by branches of the antennulary nerve. The 
auditory organ is a sac formed by invagination of the dorsal 
surface of the proximal segment, and is in free communi- 
cation with the surrounding water by a small aperture. The 
chitinous lining of the sac is produced into delicate feathered 
auditory setce, supplied by branches of the antennulary 
nerve, and in the water which fills the sac are minute sand- 
grains, whicli take the place of the otoliths or ear-stones 
found in most auditory organs, but which, instead of being 
formed by the animal itself, are taken in after each eedysis, 
when the lining of the sac is shed. Many of the setae on 
the general surface of the body have a definite nerve-supply, 
and are probably tactile organs. 

The crayfish is dioecious, and presents a very obvious 
sexual dimorphism or structural difference between male 
and female, apart from the actual organs of reproduction. 
The abdomen of the female is much broader than that of 
the male : the first and second pleopods of the male are 
modified into tubular or rather spout-like copulatory organs ; 
and the reproductive aperture is situated in the male on the 
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proximal podomere of the fifth leg, in the female on that of 
•the third. 

The testis (Fig. 86, t) lies in the thorax, just beneath the 
floor of the pericardial sinus, and consists of paired ar^tcrior 
lobes and an unpaired posterior lobe. From each side goes 
off a convoluted spermiduct or vas deferens (vd)^ which opens 
on the proximal segment of the last leg. The sperms are 
curious non-motile bodies produced into a number of stiff 
processes : they are aggregated into vermicelli-like sper- 
niatophores by a secretion of the vas deferens. 

The ovary is also a three-lobed body, and is similarly 
situated to the testis : from each side proceeds a thin-walled 
oviduct^ which passes downw'ards, without convolutions, to 
open on the proximal segment of the third or antepenulti- 
mate leg. The eggs are of considerable size and contain a 
great (quantity of yolk {see p. 256). 

Both ovary and testis are hollow organs, discharging their 
products internally. Their cavities represent the coelome, 
and their ducts are orgons of the same general nature as 
nephridia. The ova, when laid, are fastened to the setae on 
the pleopods of the female by the sticky secretion of glands 
occurring both on those appendages and on the segments 
themselves : they are fertilised immediately after laying, the 
male depositing spermatophores on the ventral surface of 
the female’s body just before oviposition. 

The process of segmentation of the oosperm presents 
certain striking peculiarities. The nucleus divides repeatedly 
(Fig. 89, A, fm\ but no corresponding division of the pro- 
toplasm takes place, with the result that the morula-stage, 
.instead of being a heap of cells, is simply a multinucleate 
but non-cellular body. Soon the nuclei thus formed retreat 
from the centre of the embryo, and arrange themselves in a 
single layer close to the surface (b) : around each of these 
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protoplasm accumulates, the central part of the embryo 
consisting entirely of yolk-material. We thus get a super-- 
ficial segmentation^ characterised by a central mass of yolk 
and 4 superficial layer of cells collectively known as the 
hlastoderjH. 

On one pole an invagination of the blastoderm takes 
place, giving rise to a small sac, the enteron, which commu- 
nicates with the exterior by an aperture, the blastopore. By 
this process the embryo passes into the gastrula-stage, which, 
however, differs from the corresponding stage in Polygordius 



Fig. 89. — Two stages in the early development of the Crayfish. 

In A the products of division of the nucleus {m<) are seen in the 
centre of the yolk : in B the nuclei have arranged themselves in a 
peripheral layer, each surrounded by protoplashi, so as to form the 
blastoderm. 

(From Parker and IlaswelPs Zooiogy, after Morin.) 


(p. 295) in the immense quantity of food-yolk filling up 
the space (blastocoele) between ectoderm and endoderm. 
Very soon the embryo becomes triploblastic, or three-layered, 
by the budding off of cells from the endoderm in the neigh- 
bourhood of the blastopore : these accumulate between 
the ectoderm and endoderm, and constitute the mesoderm. 

Before long the blastopore closes, and a stomodmum and ^ 
proctodieum (p. 296) are formed as invaginations of the 
ectoderm which eventually communicate with the enteron, 
forming a complete enteric canal. On each side of the mouth 
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or aperture of the stomodaeal depression (Fig. 90) three eleva- 
dons appear, the rudiments of the antennules antennae 
\a^), and mandibles (m) : in front them is another pair 
of elevations on which the eyes (A) subsequently appear. 



Fig. 90.— Early embryo of Fresh- water Crayfish in the naiiplius 
stage. 

A in the upper part of the figure is the eye : /, the labrum overhanging 
the mouth, on each side of which arc the rudiments of the antennules 
(a^), antennae {a^), and mandibles {m) : behind them is the rudiment of 
the thorax and abdomen {TA) with the ^nuB (A). The rudiments of 
the first three pairs of ganglia (CT, ga^y gm) are seen tlirough the trans- 
parent ectoderm. 

(From Lang, after Reichenbach. ) 


A*n unpaired elevation {TA) behind the mouth, and having 
the anus {A) or aperture of the proctodaeal depression at its 
summit, is the rudiment of the thorax and abdomen. The 
embryo is now called a nauplius. Many Crustacea are 
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hatched in the form of a free-swimming larva, to which this^ 
name is applied, characterised by the presence of thre^ 
pairs of appendages, used for swimming and becoming the 



Fig. 91. — Later embryo of Fresh-water Crayfish, from the ventral 
aspect ; the abdomen [alf) is folded down over the cephalothorax, so 
that its dorsal surface faces the observer, and the telson (T) reaches 
nearly to the mouth. 

The following appendages are indicated ; A, eye-stalks ; anten- 
nules ; a^, antennae ; ;//, mandibles ; maxilhe ; A i-/. 8, 

thoracic appendages (maxillipedes and legs). 

At the sides of the thorax are seen the edges of the carapace {/s) : in 
front of the mouth is the labrum (/), in front of the labrurn the brain 
and at the base of the eye-stalk the optic ganglion 

(From Lang, after Keichenbach. ) 


antennules, antennte, and mandibles of the adult. In the 
crayfish there is no free larva, and the nauplius stage is 
passed through before hatching. 

The nauplius is gradually transformed into the crayfish by 
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the appearance of fresh appendages, in regular order, behind 
the first three (P1g. 91); by the elongation of the rudiment 
of thorax and abdomen {ab ) ; and by the gradual differen- 
tiation of the appendages. When hatched the young 
animal agrees in all essential respects with the adult, but its 
proportions are very different, the cephalothorax being nearly 
globular and the abdomen small. For some time afte; 
hatching the young crayfishes cling in great numbers to the 
pleopodb of the mother by means of the peculiarly hooked 
chelie of the first pair of legs. 



LESSON XXVIII 

THE FRESH-WATER MUSSEL 

In the mussel we meet with an entirely new type of 
structure : the animal is bilaterally symmetrical, with no 
trace of metameric segmentation ; the power of locomotion 
is greatly restricted, and food is obtained passively by ciliary 
action, as in Infusoria, not by the active movements of 
definite seizing organs — tentacles, limbs, or protrusible 
mouth — as in most of the higher animal forms. 

Fresh-water mussels are found in rivers and lakes in most 
parts of the world. Anodonta cygnea, the swan-mussel, is 
the commonest species in England ; but the jiearl-mussel, 
Unio margarifl/er, is found in mountain streams, and other 
species of the same genus are universally distributed. 

The mussel is enclosed in a brown shell formed of two 
separate halves or valve's hinged together along one edge. 
It lies on the bottom, partly buried in the mud or sand, 
with the valves slightly gaping, and in the narrow cleft thus, 
formed a delicate, semi-transjiarent substance is seen, the 
edge of the mantle or pallium. The mantle really consists 
of separate halves or lobes corresponding with the valves of 
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the shell,# but in the position of rest the two lobes are so 
’closely approximated as to appear simply like a membrane 
uniting the valves. At one end, however, the mantle pro- 
jects between the valves in the form of two short tubdl;, one 
(Fig. 92, B, ex. sph^ smooth-walled, the other (in. sph.) beset 
with delicate processes or fimbrice. By diffusing particles of 
carmine or indigo in the water it can be seen that a current 
is always passing in at the fimbriated tube, hence called the 
inhalant siphon^ and out at the smooth or exkalant siphon. 
Frequently a semi-transparent, tongue-like body (ft) is pro- 
truded between the valves at the opposite side from the 
hinge and at the end furthest from the siphons : this is the 
foot.^ by its means the animal is able slowly to plough its 
way through the sand or mud. When irritated the foot and 
siphons are withdrawn and the valves tightly closed. In a 
dead animal, on the other hand, the shell always gapes, and 
it can then be seen that each valve is lined by the corre- 
sponding lobe of the mantle, that the exhalant siphon is 
formed by the union of the lobes above and below it and 
is thus an actual tube, but that the boundary of the inhalant 
siphon facing the gape of the shell is simply formed by the 
approximation of the mantle-lobes, so that this tube is a 
temporary one. 

The hinge of the shell is dorsal, the gape ventral, the end 
bearing the siphons posterior, the end from which the foot 
is protruded anterior : hence the valves and mantle-lobes 
are respectively right and left. 

In a dead and gaping mussel the general disposition of 
the parts of the animal is readily seen. The main part of 
■the body lies between the dorsal ends of the valves : it is 
produced in the middle ventral line into the keel-like foot : 
and on each side, between the foot and the corresponding 
mantle-lobe, are two delicate, striated plates, the gills. Thus 
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the whole animal has been compared to a book, the back 
being represented by the hinge, the covers by the valves^'/ 
the fly-leaves by the mantle-lobes, the two first and the two 
last fmges by the gills, and the remainder of the leaves by 
the foot. 

When the body of the mussel is removed from the shell 
the two valves are seen to be united, along a straight hinge- 
line (Fig. 92, A, h. /), by a tough, elastic substance, the 
hinge-liganiejit (Fig. 93, b, li^ passing transversely from valve 
to valve. It is by the elasticity of this ligament that the 
shell is opened : it is closed, as we shall see, by muscular 
action : hence the mere relaxation of the muscles opens the 
shell. In Anodonta the only junction between the two 
valves is afforded by the ligament, but in Unio each* is pro- 
duced into strong projections and ridges, the hinge-teeth^ 
separated by grooves or sockets, and so arranged that the 
teeth of one valve fit into the sockets of the other. 

The valves are marked externally by a series of concentric 
lines parallel with the free edge or gape, and starting from 
a swollen knob or elevation, the iirnbo^ situated towards 
the anterior end of the hinge-line. These lines are lines of 
growth. The shell is thickest at the umbo, which represents 
the part originally formed, and new layers are deposited 
under this original portion, as secretions from the mantle, 
the shell being, like the armour of the crayfish, a cuticular 
exoskeleton. As the animal grows each layer projects 
beyond its predecessor, and in this way successive outcrops 
are produced giving rise to the markings in question. 
In the region of the umbo the shell is usually more 
or less eroded by the action of the^ carbonic acid in the 
water. 

The inner surface of the shell also presents characteristic 
markings (Fig. 92, a). Parallel with the gape, and at a 
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Fia 92. — A, interior of right valve of Anodonta, showing the various 
impressions produced by the muscles shown in B : /, hinge-line ; pi. /. 

pallial line. 

B, the animal removed from the shell and seen from the left side. 

a. ad, anterior adductor ; a. r, anterior retractor ; d. g, digestive gland, 
seen through mantle ; ex. sph, exhalant siphon ; ft, foot ; gl, gills, seen 
through mantle ; in. sph, inhalant siphon ; kd, kidney, seen through 
mantle ; k. 0, Keber’s organ, seen through mantle ; m, mantle ; p. ad, 
posterior adductor ; pc, pericardium, seen through mantle ; pi. m, pallial 
muscles ; /. r, posterior retractor ; prc, protractor. 

(From Parker and HaswelPs Zoology.) 

short distance from it, is a delicate streak (//. t) caused by 
the insertion into the shell. o( muscular fibres from the edge 
of the mantle : the streak is hence called the pallial line. 
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Beneath the anterior end of the hinge the pallial line ends 
in an oval mark, the ante7'wr adductor bnpression {a, 
into which is inserted one of the muscles which close the 
shell. A similar, but larger, posterior adductor impression 
(/, ad) lies beneath the posterior end of the hinge. Two 
smaller markings in close relation with the anterior adductor 
impression mark the origin of the anterior retractor (a, r), 
and of the protractor {prc) of the foot : one connected with 
the posterior adductor impression, that of the posterior 
retractor (/. r) of the foot. From all these impressions 
faint converging lines can be traced to the umbo : they 
mark the gradual shifting of the muscles during the growth 
of the animal. 

The shell consists of three, layers. Outside is a brown 
horn-like layer, the periostracum^ composed of conchiolin^ a 
substance allied in composition to chitin. Beneath this is a 
pris7natic layer formed of minute prisms of calcium carbon- 
ate, separated by thin layers of conchiolin ; and, lastly, 
forming the internal part of the shell is the nacre^ or 
‘‘mother-of-pearl,” formed of alternate layers of carbonate of 
lime and conchiolin arranged parallel to the surface. The 
periostracum and the prismatic layer are secreted from the 
edge of the mantle only, the pearly layer from the whole of 
its outer surface. The hinge ligament is continuous with 
the periostracum, and is to be looked upon simply as a 
median uncalcified portion of the shell, which is therefore, 
in strictness, a single continuous structure. 

By the removal of the shell the body of the animal 
(Fig. 92 , b) is seen to be elongated from before backwards, 
narrow from side to side, produced on each side into a 
mantle-lobe (tn\ and continued ventrally into a keel-likc 
visceral mass, which passes below and in front into the 
foot (//). Thus each valve of the shell is in contact with 





Fig. 93. — Diagrammatic sections of the Fresh-water Mussel. 

A, longitudinal section : right mantle-lobe {Mant) and gills (/. 

O. G) are shown in perspective. 

B, transverse section. 

The cuticular shell {Sh), shown only in B, is black, the ectoderm 
dotted, the nervous system finely dotted, the endoderm radially striated, 
the mesoderm evenly shaded, and the ccelomic epithelium represented 
by a beaded line. 

The dorsal region is produced into the right and left mantle-lobes 
{Mani), attached to which are the valves of the shell (6*^) joined dorsaUy 
by an elastic ligament 

The mantle-lobes are partly united so as to form the inhalant (/;///. 
Ap) and exhalant {Exh. Ap) apertures at the posterior end. 

The body is produced ventrally into the foot [E'oot),, on each side of 
which are the gills, an inner (/. G) and an outer ( 0 . G)^ each formed 
of an inner and an outer lamella. 

I'he body is covered externally by deric epithelium {Der, Eplhni\ 
within which is mesoderm {Msd) largely differentiated into muscles, of 
which the anterior {A. Ad) and posterior {P. Ad) adductors are indi- 
cated in A. 

I’he mouth {Mih) leads by the short gullet {Giil) into the stomach 
(6*/), from which proceeds the coiled intestine {Int)^ ending in the anus 

A A 
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{An) : the enteric epithelium is mostly endodermal. The digestive gland 
(Z). Gl) surrounds the stomach. The coelome (Cor/) is reduced to a„ 
small clj^al chamber enclosing part of the intestine and the heart ; the 
pariet^m Co.’/. Epthm) and visceral (C<r/. EpthniS) layers of coelomic 
epithelium are shown. 

The heart consists of a median ventricle ( Vent)^ enclosing part of the 
intestine, and of paired auricles {Aur). 

The paired nephridia {Nphm) open by apertures into the coelome 
{Nph. St) and on the exterior {Nph. p). 

The gonads {Gon) arc imbedded in the solid mesoderm, and open on 
the exterior by gonoducts ( Gnd). 

The nervous system consists of a pair of cerebro-pleural ganglia 
{C. P, Gn) above the gullet, a pair of pedal ganglia {Pd. Gn) in the 
foot, and a pair of visceral ganglia ( V. Gn) below the posterior adductor 
muscle. 

the dorso-lateral region of the body of its own side, together 
with the corresponding mantle-lobe, and it is from the epi- 
thelium (Fig. 93, Der. Epthn) covering these parts that the 
shell is formed as a cuticular secretion. The whole space 
between the two mantle-lobes, containing the gills, visceral 
mass, and foot is called the mantle-cavity. 

A single layer of epithelial cells, the deric epithelium or 
epidermis {D€ 7 \ Ept/nn)^ covers the whole external surface, 
i.e., the body proper, both surfaces of the mantle, the gills, 
and foot ; that of the gills and the inner surface of the 
mantle is ciliated. Beneath the epidermis come connective 
and muscular tissue, which occupy nearly the whole of the 
interior of the body not taken up by the viscera, the coelome 
being, as we shall see, much reduced. The muscles are all 
unstriped, and are arranged in distinct bands or sheets, 
many of them very large and conspicuous. I'he largest are 
the anterior and posterior adductors (Figs. 92, 93, and 94, 
a. ad, p. ad), great cylindrical muscles whicli pass trans- 
versely across the body and are inserted at either end into 
the valves of the shell, whi^>5^re a])proximated by their 
contraction. Two muscles ,pf^^uch smaller size pass from 
the shell to the foot, which, th^y^ serve to draw back • they 
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are the anterior (a. r) and posterior {p. r) retractors of the 
*foot. A third foot-muscle {prc) arises from the shell close 
to the anterior adductor, and has its fibres spread fan-wise 
over the visceral mass which it serves to comjjress? thus 
forcing out the foot and acting as a protractor of that organ. 
The substance of the foot itself consists of a complex mass 
of fibres, the intrinsic muscles of the foot, many of which 
also act as protractors. Lastly, all along the border of the 
mantle is a row of delicate pal Hal muscles (Fig. 92, R, /A 
///), which, by their insertion into the shell, give rise to the 
pallial line already seen. 

The coelome is reduced to a single ovoidal chamber, the 
pericardium (Fig. 93, Cad ; Fig. 94, /^r), lying in the dorsal 
region of the body and containing the heart and part of the 
intestine: it is lined by c(elomic epithelium (Cad. Epfhm), 
and does not correspond with the pericardial sinus of the 
crayfish, which is a biood-.space. In the remainder of the 
body the space between the ectoderm and the viscera is 
filled by the muscles and connective tissue. 

The mouth (Fig. 94, tntJi) lies in the middle line, just 
below the anterior adductor. On each side of it are two 
triangular flaps, the internal and external labial palps ; the 
external palps unite with one another in front of the mouth, 
forming an upper lip ; the internal are similarly united 
behind the mouth, forming a lower lip : both are ciliated 
externally. The mouth leads by a short gullet (Fig. 94, 
gut) into a large stomach (st), which receives the ducts of a 
pair of irregular, dark-brown digestive glands (d.gt). The 
intestine (int) goes off from the posterior end of the stomach, 
‘descends into the visceral mass, where it is coiled upon 
itself, then ascends parallel’ its first portion, turns sharply 
backwards, and proceed^'^s ‘:4;he rectum (ret), through the 
pericardium where it traverses the ventricle of the heart, 

A A 2 
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Fig. 94. — Dissection of Anodonta, made by removing the mantle- 
lobe, inner and outer gills, wall of pericardium, and auricle of the left 
side, and dissecting away the skin, muscles, &c. of the same side down 
to the level of the enteric canal, kidney, nervous system, vK:c. Part of 
the enteric canal is laid open, as also are the kidney {hi) and bladder 
{di). The connection between the cerebro-plcural (c'. i)/. gn) and 
visceral {v. gn) ganglia is indicated by a dotted line. 

a, anus ; a. ad, anterior adductor ; a. ao, anterior aorta ; a, v, ap, 
auriculo-ventricular aperture ; hi, urinary bladder ; c. pi. gn, cerebro- 
pleural ganglion : d. d, duct of digestive gland ; d. gi, digestive gland ; 
d. p. a, dorsal pallial aperture ; ex. sph, exhalant siphon ; ft, foot ; g. ap, 
genital aperture ; gon, gonad ; giil, gullet ; i. I j, inter-lamellar junc- 
tion ; in. sph, inhalant siphon ; int, intestine ; kd, kidney ; vi, mantle ; 
mth, mouth ; p. ao, posterior aorta ; p. ad, posterior adductor peri- 
cardium ; pd. gn, pedal ganglion ; r. ap, renal aperture ; r. an, right 
auricle ; ni, rectum ; r. p. a, reno-pericardial aperture ; st, stomach ; 
ty, typhlosole ; v, ventricle ; v. gn, visceral ganglion ; w. t, water-lubes. 

(From Parker and Haswell’s Zoology.) 


and above the posterior adductor, finally discharging by the 
amis (a) into the exhalant siphon, or cloaca. The wall of 
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the rectum is produced into a longitudinal ridge, oxtyphlosole 
[ty\ and two similar ridges begin in the stomach and are 
continued into the first portion of the intestine. The 
stomach contains at certain seasons of the year a gelatinous 
rod, the crystalline style. 

The gills consist, as we have seen, of two plate-like bodies 
on each side between the visceral mass and the mantle : we 
have thus a 7 iy;ht and a left outer (Fig. 93, B, O, 6^, and a 
right and a left inner gill (/. G). Seen from the surface 
(Fig. 94), each gill presents a delicate double striation, 
being marked by faint lines running parallel with, and by 
more pronounced lines running at right angles to, the long 
axis of the organ. Moreover, each gill is double, being 
formed of two similar plates, the vmer and outer lamelhc, 
united with one another along the anterior, ventral, and 
posterior edges of the gill, but free dorsally. d'he gill has 
thus the form of a long and extremely shallow bag open above 
(Figs, 94 and 95) : its cavity is subdivided by vertical plates 
of tissue, the inter-hunellar junctions (Fig. 95, i, /. y), which 
extend between the two lamellae and divide the intervening 
space into distinct compartment^i or 7 vater-tubes (iv. /), 
closed ventrally, but freely open along the dorsal edge of 
the gill. The vertical striation of the gill is due to the fact 
that each lamella is made up of a number of close-set gill- 
fi laments (/) ; the longitudinal striation to the circumstance 
that these filaments are connected by horizontal bars, the 
i 7 iterfilamentar junctions (i. f j). At the thin free or ventral 
edge of the gill the filaments of the two lamellae are con- 
tinuous with one another, so that each gill has actually a 
single set of V-shaped filaments, the outer limbs of which 
go to form the outer lamella, their inner limbs the inner 
lamella. Between the filaments, and bounded above and 
below by the inter-fil amen tar junctions are minute apertures, 
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or ostia {ps)^ which lead from the mantle-cavity through a 
more or less irregular series of cavities into the interior of 
the water-tubes. The filaments themselves are supported 
by diitinous rods, and covered with ciliated epithelium, the 
large cilia of which produce a current running from the 
exterior through the ostia into the water-tubes, and finally 



Fio. 95. — Diagram of the structure of the gill of Anodonta. 

The gill is made up of V-shaped gill-fdaments {/) arranged in longi- 
tudinal series and hound together by horizontal inter-filamentar junctions 
(/. f. j) which cross them at right angles, forming a kind of basket-work 
with apertures, the ostia (e.r), leading from the outside and opening [os') 
into the cavity of the gill. The latter is divided by vertical partitions, 
the inter-lamellar junctions (/. /. j\ into compartments or water-tubes 
[w, /) which open also into the supra-branchial chamber ; h. 7 ', blood- 
vessels. 

(From Parker and HaswelPs Zoohey-) 


escaping by the wide dorsal apertures of the latter. The 
whole organ is traversed by blood-vessels (Jk v). 

The mode of attachment of the gills presents certain 
features of importance. The outer lamella of the outer gill 
is attached along its whole length to the mantle ; the innef 
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lamella of the outer, and the outer lamella of the inner gill 
,are attached together to the sides of the visceral mass a 
little below the origin of the mantle : the inner lamella of 
the inner gill is also attached to the visceral mass in*liont, 
but is free further back. The gills are longer than tne 
visceral mass, and project behind it, below the posterior 
adductor (Fig. 94), as far as the posterior edge of the 
mantle : in this region the inner lamellae of the inner gills 
are united with one another, and the dorsal edges of ah 
four gills constitute a horizontal partition between the pallial 
cavity below and the exhalant chamber or cloaca above. 
Owing to this arrangement it will be seen that the water- 
tubes aii open dor sally into a siipra-hraftchial cha??iber, con- 
tinuous posteriorly with the cloaca and thus opening on 
the exterior by the exhalant siphon. 

The physiological importance of the gills will now be 
obvious. By the action of their cilia a current is produced 
which sets in through the inhalant siphon into the pallial 
cavity, through the ostia into the water-tubes, thence into the 
supra-branchial chamber, and out at the exhalant siphon. 
The in-going current carries with it not only oxygen for the 
aeration of the blood, but also diatoms, infusoria, and other 
microscopic organisms, which are sw<^pt into the mouth by 
the cilia covering the labial palps. The out-going current 
carries with it the various products of excretion and the 
feces passed into the cloaca. The action of the gills in 
producing the food-current is of more importance than their 
respiratory function, which they share with the mantle. 

The excretory organs are a single pair of curiously-modified 
^nephridiiiy situated one on each side of the body just below 
the pericardium. Each nephridium consists of two parts, a 
brown spongy glandular portion or kidney (Fig. 94, kd)^ and 
a thin-walled non-glandular part or bladder (/;/). The two 
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parts lie parallel to one another, the bladder being placed 
dorsally and immediately below the floor of the pericardium ^ 
they communicate with one another posteriorly, while in 
fronts the kidney op(^ns into the pericardium (r. f. af), and 
the bladder on the exterior by a minute aperture {r. ap), 
situated between the inner gill and the visceral mass. Thus 
the whole organ (Idg. 93, Nphm), often called after its dis- 
coverer, the or([api of Bojanus^ is simply a tube bent upon 
itself, opening at one end into the ccelome (Af/i, st), and at 
the other on the external surface of the body {/Vf//. f) : it 
has therefore the normal relations of a nephridium. The 
epithelium of the bladder is ciliated, and produces an 
outward current. 

It seems probable that an excretory function is also dis- 
charged by a large glandular mass of reddish-brown colour, 
called the pericardial gland or Keder's organ (Fig. 92, K, 
k, o). It lies in the anterior region of the body just in front 
of the pericardium, into which it discharges. 

The circulatory system is well developed. 'Vhe heaii lies 
in the pericardium, and consists of a single ventricle (Fig. 93, 
Ve 7 tt^ and Figs. 94 and 96, ?') and of right and left auricles 
{(lu). The ventricle is a muscular chamber which has the 
peculiarity of surrounding the rectum (Figs. 93 and 94) : 
the auricles are thin-walled chambers communicating with 
the ventricle by valvular apertures opening towards the 
latter. From each end of the ventricle an artery is given 
off, the anterior aorta (Fig. 94, a. ao) passing above, the 
posterior aorta {p. ao) below the rectum. From the aortne 
the blood passes into arteries (Fig. 96, art,,^ arf^) which 
ramify all over the body, finally forming an extensive net- 
work of vessels, many of which are devoid of proper walls 
and have therefore the nature of sinuses. The returning 
blood passes into a large longitudinal vein, the vena cava 
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{v. c), placed between the ncphridia, whence it is trken to 
<he kidneys themselves (;///^. 7;), thence by affere^it branchial 



Fig. 96. — Diagram of the Circulatory System of Anodonta. 

The blood received from the auricles {azi) is pumped by the ventricle 
{v) into the aorta {ao) and thence passes to the mantle and to 

the body generally {artr). 

The blood which has circulated through the mantle is returned 
directly to the auricle : that from the body generally is collected into 
the vena cava {v. c), passes by nephridial veins to the kidneys, 

thence by afferent branchial veins {a/, dr. v) to the gills, and is returned 
by efferent branchial veins {cf. br. v) to the auricles ; /r, pericardium. 

(From Parker and Haswell’s Zoology, 


veins {af. br. v) to the gills, and is finally returned by effereni 
branchial veins (ef. br. v) to the auricles. The mantle has a 
very extensive blood supply, and probably acts as the chief 
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respiratory organ : its blood (ar/^) is returned directly to the 
auricles without passing through either the kidneys or the 
gills. The blood is colourless and contains leucocytes. 
There is no corniiiunication between the blood-system and 
the pericardium. 

The nervous system is formed on a type quite different 
from anything we have yet met with. On each side of the 
gullet is a small cerehro-plciiral ganglion (Fig. 94, c. pi. gn)., 
united with its fellow of the opposite side by a nerve-cord, 
the cerebral cojJi?nissure., passing above the gullet. Each 
cerebro-pleural ganglion also gives off a cord, the cerebro- 
pedal co7incctivi\ which passes downwards and backwards to 
a pedal gaftglion (pd. gn) situated at the junction of the 
visceral mass with the foot : the two pedal ganglia are so 
closely united as to form a single bilobed mass. From each 
cerebro-pleural ganglion there further proceeds a long cerebro- 
visceral connective.^ which passes directly backwards through 
the kidney, and ends in a visceral ganglion (v. g7i) placed on 
the ventral side of the posterior adductor muscle. The 
visceral, like the pedal ganglia, are fused together. The 
cerebro-pleural ganglia supply the labial palps and the 
anterior part of the mantle; the pedal, the foot and its 
muscles ; the visceral, the enteric canal, heart, gills, and 
posterior portion of the mantle. 

It will be seen that the cerebral commissures and cerebro- 
pedal connectives, together with the cerebro-pleural and 
pedal ganglia, form a nerve-ring which surrounds the gullet : 
the cerebro-pleural ganglia may be looked upon as a supra- 
oesophageal nerve mass corresponding with the brain 
of Polygordius and the Crayfish, and the pedal ganglia 
as an infra-oesophageal mass representing the ventral nerve 
cord. 

Sensory organs are poorly developed, as might be ex- 
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pected in an animal of such sedentary habits. In connec- 
•tion with each visceral ganglion is a patch wf sensor) . 
epithelium forming the so-called olfactory organ or, better, 
osphradium^ the function of which is apparently to test the 
purity of the water entering by the respiratory current. 
Close to the pedal ganglion a minute otocyst is found, the 
nerve of which is said to spring from the ccrebro-pedal coiv 
nective, being probably derived from the cerebral ganglion. 
Sensory cells, p’-obably tactile, also occur round the edge o( 
the mantle, and especially on the fimbriae of the inhalant 
siphon. 

The sexes are separate. The gonads (Figs. 93 and 94, 
g 07 i) are large, pairc:d, racemose bodies, occupying a coii' 
siderable portion of the visceral mass amongst the coils of 
the intestine : the testis is white, the ovary reddish. The 
gonad of each side ha.^ 0 short duct which opens {g, ap) oi'i 
the surface of the visci.ral mass, just in front of the renal 
aperture. 

In the breeding season the eggs, extruded from the genital 
aperture, pass into the supra-branchial chamber, and so to 
the cloaca. 'There, in all probability, they are impregnated 
by sperms introduced with the respiratory current. T'he 
oosperms are then passed into the cavities of the outer gills, 
which they distend enormously. 1'hus the outer gills act as 
brood-pouches, and in them the embryo develops into the 
peculiar larval, form presently to be described. 

The segmentation of the oosperm is remarkable for the 
fact that the cells of the poly[)last arc of two sizes, small 
cells composed entirely of protoj)lasm, and large cells loaded 
with yolk granules. In the' formation of the gastrula the 
large are invaginated into the small cells, but the enteron 
thus formed is very small and (luitc unimportant during 
early larval life, the young mussels being nourished, after 
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the manner of parasites, by a secretion from the gills of the 
parent. 

The dorsal surface of the embryo is soon marked out by 
the appearance of a deep depression, the shell-gland^ which 
secretes, in the first place, a single median shell. This is, 
however, soon replaced by a bivalved larval shell (Fig. 97, 
s), of triangular form, the ventral angles being produced into 
hooks {sli), Thi^ body at the same time becomes cleft from 




Fig. 97.— a, advanced embryo of Anodonta enclosed in the egg-inciii' 
brane. U, free larva or glochidiuni. 

/, byssus ; g., lateral pits ; j", shell ; sh^ hooks ; sm^ adductor muscle ; 
so^ sensory hairs ; ciliated area. 

(From Korschelt and Ileider. ) 


below upwards (a), forming the right and left mantle-lobes. 
On the ventral surface, between the lobes of the mantle, 
is formed a glandular pouch, which secretes a bunch of 
silky threads, the hyssus (/). The larva is now called a 
glochidin 7 n. 

The glochidia, entangled together by means of their 
byssal threads, escape from the gills of the parent by the 
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exhalant siphon, and eventually attach themselves, by theii 
•hooked valves, to the body of a passing fish, such as a 
stickleback. Here they live for a time as external parasites, 
gradually undergoing metamorphosis ; and finally drof/from 
the host and assume the sedentary habits of the adult. 



LESSON XXIX 

THE DOGFISH 

The animals studied in the three previous J^essons have 
served to illustrate three widely different types of organiza- 
tion. 'Idle starfish is radially symmetrical, with an under- 
lying bilateral symmetry, and no indication of metamerism : 
the crayfish is bilaterally symmetrical, metamerically seg- 
mented, and provided with numerous limbs, both trunk and 
limbs being covered with a hard, jointed armour or exo- 
skeleton : the mussel is likewise bilaterally symmetrical, 
covered with a shell formed of paired pieces, and having no 
indication of metamerism, and no trace of limbs. We have 
now to consider, in the dogfish, an animal belonging to the 
great group of Vertebrata, in which the bilaterally symme- 
trical body is definitely divided into metameres, although 
there is no indication of the fact externally. Inhere are only 
two ])airs of limbs or paired appendages, and the main sup- 
porting structures are a comjfiicated internal system of 
articulated hard parts, forming the cndoskektofi or internal 
skeleton. 

The commonest Ihitish dogfishes are the Rough Hound 




; J/, spiracle ; v. f ventral fin. 
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{Scylliwn canicula\ the Lesser Spotted Dogfish ( 5 . catulus\ 
the Piked Dogfish {Aca?ithias vulgaris)^ and the Smooth* 
Hound {Musfelus vidgaris). The following description, 
though referring mainly to Scyllmm^ will apply, in essential 
respects, to any of these. 

The dogfish has a sj)in(ile-sha])ed body (Fig. 98), ending 
in front in a bluntly-pointed snout or cut-vv^ater, and behind 
tapering off into an upturned tail On the ventral surface 
of tlie^ead is the large, transversely elongated mouth (mth), 
supported by a pair of jaws which work in a vertical, and 
not, like those of the crayfish, in a transverse plane, and 
are, in fact, portions of the skull, having nothing to do with 
limbs. "J’hey arc covered with teeth which vary in form in 
the different species. In front of the mouth, on the ventral 
surface of the snout, are the paired nostrils {na)^ each lead- 
ing into a cup-like nasal sac. The eyes (e) are also two in 
number and are placed one on each side of the head, above 
the mouth. Behind the mouth are five slit-like apertures 
(ex. br. ap)^ arranged in a longitudinal series : these are the 
gill-clefts or external branchial apertures. Just behind the 
eye is a small aperture, the spiracle (sp) : like the gill-clefts, 
it communicates with the pharynx, and it is found by de- 
velopment to be actually the functionless first gill-cleft. 

On the ventral surface of the body, about half-way 
between its two ends, is the anus or cloacal aperture (anf 
and on either side of it a small hole, the abdominal pore, 
opening into the coelorne. From the end of the snout to 
the last gill-cleft is considered as the head of the fish ; from 
the last gill-cleft to the anus as the trunk ; and the rest as 
the tail. 

A longitudinal streak (/. /) on each side of the body, con- 
nected in front with a series of branching lines on the head 
and continued backwards to the tail, is known as the lateral 
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line. The whole apparatus is really a system of tubes sunk 
*in the skin, and constitutes an important, but imperfectly 
understood, sensory organ. 

Springing from the body are a number of flattened ‘folds, 
called the fins^ divisible into median and paired. The 
median folds are two dorsal fins (d. f. i, d. f. 2) along the 
middle line of the back, a candal fir (cd. f) lying mostly 
along the ventral edge of the upturned tail, and a ventral 
fin (v. f) behind the anus. 'Lhe paired folds are the pectoral 
fins {pct.f), situated one on each side of the trunk just 
behind the last gill-cleft, and the pelvic fins^ one on each 
side of the anus. The pectoral and pelvic fins are the 
paired appendages or limbs of the dogfish : as in other 
Vertebrates there are only two pairs, the pectorals corre- 
sponding with the fore-limbs, the pclvics with the hind- 
limbs of the higher forms. 

I'he fish swims by vigorous strokes of the tail : the 
pectoral fins are used chiefly for steering, and the dorsal 
and ventral fins serve, like the keel of a boat, to maintain 
equilibrium. 

The skin or external layer of the body-w^all consists, as 
usual, of two layers, an outer layer of deric epithelium 
(Fig. 99, Dcr. Epthni) differing from that of previous types 
in being formed of several layers of cells, and an inner 
layer of connective tissue, the dermis. In the dermis are 
innumerable close-set calcareous bodies (Fig. 99, Derm. Sp\ 
each consisting of a little irregular plate of bone produced 
into a short enamelled spine, which projects through the 
epidermis and gives a rough, sand -paper-like character to 
the skin. These placoid scales or dermal teeth together 
constitute the exoskeleton of the dogfish : it is a discon- 
tinuous dermal exoskeleton like that of the starfish. 

Beneath the dermis is the muscular layer in which we 
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A, longitudinal vertical section. 

, B. horizontal section through the pharynx and gills. 

c, transverse section through the trunk. 

The ectoderm is dotted, the nervous system finely dotted, the endo- 
deriii radially striated, the mesoderm evenly shaded, the c«elomic 
epithelium represented by a beaded line, and all skeletal structures 
black. 

The body gives origin to the dorsal (/>. D. ventral ( V. F), 
and caudal {C. F) fins ; the paired fins are not shown. 

I'he body- wall consists of deric epithelium {Der. Fpthm)^ der.nis 
(Derm), and muscle (Af) : the latter is mctamerically segmented and is 
very thick, especially dorsally, where it forms half the total vertica' 
height (c). 

The cxoskeleton consists of calcified dermal spines (Derm. Sp) in the 
dermis, and of dermal fin- rays (Derm. F. F) in the fins. 

'I’he endosl;elcton consists of a row of vertebral centi a ( V. Cent) below 
the spinal cord (Sp. Cd), giving rise to neural arches (N.A), which enclose 
the cord, .vid in the caudal regions to hremai arches (H. A) \ a cranium 
(Cr) enclosing the brain (Br) ; upper and lower jaws : branchial arches 
(B7\ A) and rays (Br. B, Br. A'), shown only in B, supporting the 
gills : shoulder (Sh. G) and pelvic (Fe/v. 6^) girdles : and pterygiophores 
(Pf^ph) supporting the fins. 

The mouth {Mth) leads into the oral cavity (Or. cat'), from which the 
pharynx (Ph) and gullei (Gul) lead to the stomach (.S’/) : this is con- 
nected with a short intestine (/;//) opening into a cloaca (Cl) which 
communicates with the exterior by the vent (An). The oral cavity and 
cloaca are the only j^arts of the canal lined by ectoderm. 

Connected with the enteric canal are the liver (Lr) with the gall- 
bladder (G. Bl) and l)ile-duct (B. Z>), the pancreas (Pn), and the spleen 
(Spl). The mouth is bounded al>ove and below by teeth ( Z"). 

The respiratory organs consist of pouches (shown in b) communicating 
with the pharynx by internal (Int. br. ap) and wdth the exterior by 
external (Exf. br. ap) branchial apertures, and lined by mucous mem- 
brane raised into branchial filaments (Br. Fil). 

The heart (Nt) is ventral and anterior, and is situated in a special 
compartment of the cadomc (Bed). Six of the most important blood- 
vessels, the dorsal vessel (dorsal aorta, D, Ao)f the cardinal veins 
(Gat'd. V), the lateral vessels (lateral veins, Laf. V), and the ventral 
vessel (intra-intestinal vein, /. int. V) are showm in c. 

'I'he whole coelome is lined by epithelium, showing parietal (Ciil. 
EpfJim) and visceral (C(el. EptknP) layers. 

The ovaries ( Ovy) are connected with the dorsal body-wall : the 
oviducts (Ovd) open anteriorly into the coelome (ovP) and posteriorly 
into the cloaca. 

The kidneys (A") arc made up of nephridia (Nph) and open by ureters 
( Ur) into the cloaca. 

The nervous system is lodged in the cerebro- spinal cavity (C. Sp. Cav) 
hollowed out in the dorsal body-wall : it consists of brain (Br) and 
spinal cord (Sp. Cd)y and contains a continuous cavity, the neurocoele 
(/?. ccc). 
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meet, for the first lime in our present subject, with distinct 
metameric segmentation. The muscles are divided into 
segments or myomeres (Fig. 98, mym) following one another 
from before backwards, and having a zigzag disposition. 
The fibres composing them are longitudinal, and are inserted 
at either end into fibrous partitions or myocoinmas {inyc\ 
which separate the myomeres from one another. The mus- 
cular layer is of great thickness, especially its dorsal portion 
(Fig. 99, c). The fibres of all the body muscles are of the 
striped kind. 

There is a large ctxiome (Fig. 99, Coel)^ remarkable for being 
confined to the trunk, both head and tail being, in the adult, 
acoelomate. 'I'he cavity is divisible into two parts : a large 
abdominal cavity^ containing most of the viscera, and a small 
anterior and ventral compartment, the pericardial cavity {Fed), 
containing the heart. Both are lined by coelomic epithelium 
{Cad. Epfhm)y underlain by a layer of connective tissue, 
a strong lining membrane being thus produced, called peri- 
toneum in the abdominal, in the pericardial cavity. 

Another very characteristic feature is that the dorsal body- 
wall is tunnelled, from end to end, by a median longitudinal 
neural cavity^ in which the central nervous system is con- 
tained. The greater part of the cavity is narrow and cylin- 
drical, and contains the .spinal cord : its anterior or cerebral 
portion is dilated, and contains the brain. 

Imbedded in the body-wall and extending into the fins 
are the various parts of the endoskeleton. This characteristic 
supporting framework is formed of a tough elastic tissue 
called cartilage or gristle, more or less impregnated with 
lime salts, so as to have, in part, the appearance of bone. 
As, however, the hard parts of the dogfish’s skeleton have a 
different microscopic structure from the bones of the higher 
vertebrates, they are best described as calcified cartilage. 
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The entire skeleton consists of separate pieces of cartilage, 
calcified or not, and connected with one another by sheets-- 
or bands of connective tissue called ligaments : it is divisible 
into The following })arts : 

A. The skull or skeleton of the head, consisting of — 

1. The cranium or brain-case, enclosing the brain 

and the chief sense-organs. 

2. ITe upper and loivcr ja^vs. 

3. The visceral arches^ a series of cartilaginous ]iooj)s 

supporting the gills. 

B. The 7'c?iekral coIum?i or backbone, a jointed axis extend- 

ing from the cranium to the end of the tail, ' and 

enclosing the spinal cord. 

c. The skeleton of the median fins, 

D. The skeleton of the paired fins, consisting of — 

1. The shoulder-girdle or pectoral arch, to which are 

attached 

2. The pectoral fins. 

3. T1ie hip-girdle or pelvic a?rli, to which are at- 

tached 

4. The pelvic fins. 

The cranium (Fig. 100, Cr) is an irregular cartilaginous 
box containing a spacious cavity for the brain, and i)ro- 
duced into two pairs of outstanding projections : a posterior 
pair, called the auditory capsules {and, cp), for the lodgment 
of the organs of hearing, and an anterior pair, the olfactory 
capsules (plf. cp), for the organs of smell. Between the 
olfactory and auditory capsules, on each side, the cranium 
is hollowed out into an 07 -hit (or) for the reception of the 
eye. In front the cranium is produced into three cartila- 
ginous rods (;'), which support the snout. On its posterior 
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face is a large aperture, the forame 7 i ^nagnum^ through which 
•the brain joins the spinal cord, and on each side of the 
foramen is an oval elevation or condyle for articulation with 
the first vertebra. » 

In the human and other higher vertebrate skulls the 
upper jaw is firmly united to the cranium, and the lower 
alone is free. But in the dogfish both jaws 1 . j) are 

connected with the cranium by ligament {Ig^ Ig') only, and 
each consists of strong paired (right and left) moieties, 
united with one another by fibrous tissue. The posterior 
end of the upper jaw presents a rounded surface, on which 
fits a corresponding concavity on the lower jaw, so that a 
free articulation is produced, the lower jaw working up and 
down in the vertical plane, not from side to side like the 
jaws of the crayfish. 

The visceral arches consist of six pairs of cartilaginous 
half-hoops, lying in walls of the pharynx (Fig. 99, u, 
Br. A)f and united with one another below so as to form a 
basket-like apparatus supporting the gills. The first of these 
arches is distinguished as the hyoid, and is situated imme- 
diately behind the jaws. It consists of two parts, a strong, 
rod-like hyo mandibular (Fig. 100, liy. m), which articulates 
above with the auditory capsule, and is connected below by 
fibrous tissue with the jaws, thus helping to suspend them 
to the cranium : and a hyoid cornu, which curves forwards 
inside the lower jaw, and is connected with its fellow of the 
opposite side by a median plate which supports the tongue. 

The remaining five arches (l^r, a. i — br. a. 5) are called the 
branchial arches. Each is formed of several separate pieces, 

. movably united by fibrous tissue so as to render possible the 
distension of the throat during swallowing. Both they and 
the hyoid give attachment to delicate cartilaginous branchial 
rays {br. r, br. r : Fig. 99, Br. R) which support the gills. 
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The vertebral column has the general charactei of a 
jointed tube surrounding the spinal portion of the neural 
canal. Lying beneath this cavity, />., between it and the 
coelcime, is a longitudinal row of biconcave discs, the ve?'- 

B 






Fig. ioi.~ -a, Three trunk vertebrae of Scyllium from the side. 

K, a single trunk vertebra viewed from one end. 
c, three caudal vertebrm from the side. 

D, a single caudal vertebra from one end. 

r, centrum ; h. a, hmmal arch ; n. a, neural arch ; tr. pr. transverse 
process. 

(After Ilasse.) 


tebral centra (Fig. loi, c: Fig. 99, V. Cent): they are, 
formed of cartilage, but have their anterior and posterior 
faces strongly calcified. 'Fhe biconcave intervals between 
them (Fig. 99, a) are filled with a gelatinous matter or inter- 
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vertch'al substance. M'he centra are united by ligan ent, so 
.that the whole cliain of discs is very flexible, ( 'onnected 
with tile dorsal aspect oi the series of centra is a cartila- 
ginous tunnel, arching over the spinal cord . it is di’*ided 
into segments, corresponding with, but usually tw^ice as 
numerous as the ceaitra, and calk'd the neural arches 
(Fig. loi, n .■ log. 99, tV; A). 

In the anterior part of the vertebral column the centra 
give off paired outstanding pro' cesses (f'ig. joi, a and u, 
tr. />r) called /rans 7 ’e/’se pn/ccsses, to the end of each of 
which is articulated a short cartilaginous rod, the rib. 
Further back the transverse process(‘s are directed down- 
wards, instead of outwards, and in the whole caudal or tail 
region they unite below, forming Jncnial arches (Fig. toj, c 
and 1), //. a ; log. 99, \, H. A)^ which together constitute a 
kind of iinvrtc'd tunnel in whit'h lie the artery and vein of 
the tail. In the region of the caudal fln the haemal arches arc 
produced into strong median Juenial spines (log. 99, a, JI.A 
to the right), widt h ad a.- supports to the fin. A centrum, 
together with thc' corresponding neural arch and transverse 
processes or luemal arch, forms a 7 k’rteb?ui or single segment 
of the \ ertebral column. 

It should be noticed that in the vcrteliral ('olumn we 
have another instance of the metameric segmentation of the 
vertebrate body. The verlt'brm do not, however, correspond 
with thc myomeres, but alternate with them. The myo- 
commas are attac hed to thc middle of the vertebrae, so that 
each myomere ac'ts upon two vertebrae and thus produces 
the lateral flexion of the backbone. 

In the embryo, before the development of the vertebral 
column, an un segmented gelatinous rod, the notochord^ lies 
beneath the neural cavity in the position occupied in the 
adult by the line of centra, by tlie develo])ment of which it 
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is largely replaced. Much of it, however, remains as the 
gelatinous intervertebral substance. The notochord is one. 
of the most characteristic organs of the Vertei)rata. 

The skeleton of the median fins consists of a series ol 
parallel cartilaginous rods, the fin-rays or ptcrygiophorcs 



Fig, 102. — Ventral view of pectoral arcli of Scyllium with riglU 
pectoral fin. 

The jiccloral arch is divisible into dorsal {pet. ,i,') and ventral {pet. fp) 
portions separated by the articular facets {art. f) for the fin. 

The pectoral fin is formed of three basal cartilages {\)s. 1-3) and 
numerous radials {rad ) ; its free edge is supported by dermal rays {d. f. r). 
(Modified from Marshall and Ilurst. ) 


(Fig. 99, PtgpJi)^ the proximal ends of which arc more or 
less fused together to form basal cartilages or hasalia. The 
free edges of the fins are supported by a double series of 
delicate horn-like fibres, the dermal fin-rays {Derm. F. R). 
'fhe shoulder-girdle (Ibg. 102) is a strong, inverted arch of 
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calcified cartilage, situated just behind the last bianchial 
-arch (Fig. 99, a, S//. G). On each side of its outer surface 
it presents three elevations or articular facets 102, a?'t.J) 

for the jiectoral fin ; tiie presence of these allows of the.di^u- 
sion of each side of the arch into a narrow, pointc^d dorsal 
portion {pet. a broader vvntral portion (/r/. /) unitod 

in the middle line with its fellow of the oj^posite side, d’he 
pectoral fin is formed of pterygiophores (rad), fused proxim- 
ally to form bai als (Bs. t. — 3), v. iiich arc three ir number, 
and very large ami strong. 

'Fhe ])elvic girdle is a transverse bar of cartilage situated 
just in front of the vent (Fig. 99, a, Pc/ik G), and present- 
ing on its ])osterior edge facets for the.' jielvic fin. The latter 
has the same general structure as the other fins, but has a 
single very large basal cartilage, and its first or anterior 
radial is also much mdarged. "The free edges of both 
peidoral and pelvic fins are supported by horn-like dermal 
rays 102, d.f.r). 

It will be noticed that while the skeleton of the crayfish 
is a series of articulated tulaes with the muscles inside 
them, that of the dogfish is a series of articulated rods with 
the muscles outside. The joints, formed l)y two rods 
applied at their ends and bound together by ligament, are 
not confined to movement in one plane, like the hinge- 
joints of the crayfish, but are capable of more or less 
rotatory movement. 

Idle mouth, as we have seen, is a transverse aperture 
bounded by the upper and lower jaws. In the muc'ous 
membrane covering the jaws are imbedded large numbers 
.of teeth, (l^dg. 99, T) bony conical bodies, with enamelled 
tips, arranged in transverse rows. They are to be looked 
ution as special developments of the placoid scales or dermal 
teeth, enlarged for the purpose of seizing jirey. 






Fig. 103. — Dissection of Scylluon canicida from the left side. The left side of the body-wall is cut away to th< 
median plane so as to expose the abdominal [cibd. caz'), pericardial (/>id. caz') and neural (//. c'az’) cavities in theii 
whole length. 
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In the skeleton the cartilaginous parts are dotted, the bony ends of 
-.the vertebra: black, r;/, centra; n. a, neural arches; h. a, ha:mal 
arches ; cr, cranium ; r, rostrum , ii. y, upper jaw ; /. y, lower jaw ; 
b. by, basi-hyal, supporting tongue {fftif) ; b. br, basi-l)ranchial ; yet. a, 
]x:cloral arch ; pv. a, ]>clvic arch. The front part of the cranlitm is 
roofed by a membranous fontanel Ic { /bn). 

The enteric canal with the liver [L Ir. r. Ir), Ac., has bLcn disi)laccd 
dowmwards, and the oral cavity and Dtiarynx {///), part of the intestine 
(////), and the cloaca (< 7 ) have been opened, r/, s])iracle ; /. br. a^-/. hr. (v\ 
internal branchial apertures ; cd. .s 7 , cardiac, and pyl. st, pyloric portioirs 
of stomach ; sp. vl, sj^iral valve of intc^-tine {ini) ; /. A, left, and r. /r, 
right ltd it. of liver; pan, pancreas ; s})leeii ; 7 ct. gl, rectal gland ; 
mes, mesentery. 

The heart consists of sinus venosus (.s. z'), auricle {clu), \entriclc (7;), 
and conus arteriosus (c. nri) : the latter give*- off the ventral aorta (?'. ao) 
from which arc seen to arise the afferent branchial arteries of the right 
side. The dorsal aorta {d. ao) receives anteriorly the efferent branchial 
arteries, Uij 1 ])ostcrior]y becomes the caudal artery [cd. a), lying above 
the caudal vein {cd. 7 ’). 

The spinal cord {sp. id) passes in front into the brain, which consists 
of medulla oblongata {/ned. old), cerebellum {erh), optic lobes {opt. I), dien- 
cephalon {dicn), ])rosccphaIon (/r.f), and olfactory lobes {olf. /). To the 
dicncephalon are attached th^ pineal {pi}i) and pituitary (pty) bodies. 

The left kidney {J:d) opens by the ureter {nr) into the urinogenital 
sinus {u. g. s) which disclvirges into the cloaca. The left testis {is) 
is connected with the epididymis {ip/d) from which the vns deferens 
{?’. dt'f) passes backwuirds, di! tes into the vesicula seminalis (7'.r. son) 
and opens into the urinogenital .sinus, with which is also connected the 
sperm-sac (f/. .v). Attached to the fold of peritoneum supporting the 
liver is a small tube (/. n. d) representing the oviduct of the female. 

The mouth (Figs. 99, Mth and loy) leads into an oral 
cavity (Or. ca 7 ^), which passes insensibly into the throat or 
pharynx {ph)^ a division of the enteric canal distinguished 
by having its walls perforated by five pairs of slits, the in- 
ternal branchial apertures (/. hr. a 1-5) as well as by the inner 
o])ening of the spiracle (i/»). The pharynx is continued by a 
short gullet {gni) into a capacious U-shaped stoniach ('onsist- 
ing of a wide cardiac division {cd. st) and a narrow pyloric 
•{pyl. st) division. The pyloric division communicates by a 
narrow valvular aperture with the intestine {inf), a wide, 
nearly straight tube having its lining membrane produced 
into a spiral fold, the spiral valve {sp. vl), which practically 
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converts the intestine into a very long, closely-coiled tube, 
and greatly increases the absorbent surface. Finally the 
intestine opens into a large chamber, the cloaca {ct), which 
comfhunicates with the exterior by the vent. 

From the gullet backwards the enteric canal is contained 
in the abdominal division of the crelome, to the dorsal wall 
of which it is suspended by a median mesentery (Fig. 99, 
c, and Fig. 104, nies). The greater part of the canal is de- 
veloped from the enteron of the embryo, and is consequently 
lined by endoderm ; only the oral cavity is formed from 
the stomodxHim, and the cloaca from the proctodieum (Fig. 
99, a). Outside the enteric epithelium are connective, and 
muscular layers, the latter formed of unstriped fibres : it is 
generally characteristic of Vertebrates tliat the voluntary 
muscles are striped, the involuntary unstriped. 

The digestive glands are characteristic. The largest is an 
immense liver (Fig. 99, divided into two lobes (Fig. 
103, /. /r, r. Ir) and situated below the slomac'h along the 
whole length of the abdomen, to the wall of which it is 
attached by a fold of peritoneum. It discharges its se(Tetion, 
the h{li\ into the commencement of the intc‘stine by a tube, 
the bile-duct (Fig. 99, B. D)^ which gives off a blind offshoot 
terminating in a large sac, the ^^all-bladder ((7. Bl) ; this 
serves as a reservoir for the l)ile, the chief function of which 
is to act upon the kitty portions of the food. Hut besides 
secreting this special digestive juice, the liver-c'ells produce 
a substance called glycoi^en or animal starch, which is j)assed 
directly into the blood in the form of sugar. 

Another gland, of considiiraldy smaller si/A‘, is the j)aiv 
creas (Fig. 99, Pu F'ig. T04, pa?i) ; it lies against the 
anterior end of the intestine, into which it opens by the 
pancreatic duct. It secretes pancreatic juice, which has an 
action upon all the principal classes of food, converting 
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protcids into peptones, starch into sugar, and Lreaking up 
'Tats. Opening into the cloaca is a small fingc^-likc reefrj 
gland {ret. the function of which is uncertain. 

In addition to these glands the inner surface ol*the 
stomach and intestine is doited all over with microscopic 
apertures, leading into minute tubular glands sunk in the 
mucous membrane. These are the gastric and intcstbiui 
glands : die former secrete gastric juice., which dige^sts pro- 
teids ; the latter i?itcstinal juice, which probably acds upon all 
classes of food. Thus as compared with the animals pre- 
viously studied, the dogfish, in common with other Verte- 
brates, s^"e\vs an extraordinary differentiation of digestive 
glands and fluids. 

There is another characteristic vertebrate organ in close 
connection with the enteric canal and called the spleen 
{spl). It is an irreguiar clark-red, gland-like body, of con- 
siderable. size, attachea by peritoneum to the stomach. It 
has no duct, and its chief function is probably the manufac- 
ture of leucocytes and the disposal of worn-out, red blood 
coriiuscles. Other ductless glands are the tPyraid in the 
throat ; the thymus in connection with the dorsal ends of 
the branchial arclies ; and the supra-renal bodies in relation 
with the kidneys. 

The respiratory organs or gills consist of five pairs of 
pouches, each opening by one of the internal branchial 
apertures (Figs. 99 and 103, a and n, Int. hr. ap) into the 
pharynx, and by one of the external branchial apertures 
{Ext. hr. ap) on the exterior, 'bhe walls of the pouches are 
supported by the visceral arches {Br. A) and branchial rays 
{Br. /v^, Br. A^'), and are lined with mucous membrane 
raised into horizontal ridges, the branchial Jilaments {Br. A 7 /), 
which arc abundantly supplied with blood-vessels, and are 
the actual organs of respiration. As the fish swims water 
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enters the mouth and passes by the internal clefts into the 
branchial pouches, and thence outwards by the external clefts, 
a constant supply of oxygen being thus ensured. The gill- 
pou(?hes are developed as offshoots of the pharynx, and the 
respiratory epithelium is therefore cndodennal, not ecto- 
dermal, as in the starfish, ('rayfish, and mussel. 

'Fhe organs of circulation attain a degree of sj)ecialisation 
not met with in any of our former types. The heart is 
situated in the pericardial cavity or anterior compartment of 
the coelome, ajid is a large muscular organ composed of four 
chambers. Posteriorly is a small, thin-walled si;n/s vowsiis 
(Figs. T03 and 104, i*. 7'), 0{)cning in front into a capacious 
thin- walled aurich' (d?/) ; this communicates with a very thick- 
walled ventricle (?'), from which is given off in front a tubular 
chamber, also with thick muscular walls, tht^ conns arteriosus 
(c. art). There are valves between the sinus and the 
auricle, and between the auricle and ventric'le, and the conus 
contains three longitudinal rows of valves : all the valves 
are arranged so as to allow of free j)assage of blood from 
sinus to auricle, auricle to ventricle, and ventricle to conus, 
but to t)revent any flow in the opposite direction. The 
heart, alone among the involuntary muscles, is formed of 
striped fibres. 

The conus gives off in front a single blood-vessel (r ao)^ 
having thick elastic walls composed of connective and elastic 
tissue and unstri])ed muscle. This vessel, the ventral aorta^ 
passes forwards beneath the gills, and gives off on each side 
paired lateral branches, the ajfcfxnt branchial arteries 
{a. hr. a). Each afferent artery passes to the corresponding 
gill, and there branches out into smaller and smaller arteries; 
which finally become microsco])ic, and oj)en into a network 
of delicate tubes called capillaries^ with which the connec- 
tive tissue of the branchial filaments is permeated. The 
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capillaries, unlike the arteries, have no muscle or connective 
tissue in their walls, which are formed of a single layer of* 
epithelial cells. 'Jlie blood in these respiratory capillaries 
is therefore brought into close relation with the surrounding 
water, and as the blood flows through them it exchanges its 
carbon dioxide for oxygen. 

From the respiratory capillaries the blood is collected into 
minute arteries, which join into larger and larger trunks, and 
flnaHy unite into effere7it bra7ichial arteries {ef hr. a) — two to 
eaili gill — by which the purified blood is carried from the 
The efferent arteries of the right and left sides unite 
in a median longitudinal artery, the dorsal aorta {d. ao), 
which passes backwards, immediately beneath the vertebral 
column, to the end of the tail. 

From the efferent branchial arteries and the dorsal aorta 
are given off numerous arteries supplying the whole of the 
body with blood. The most important of these are two pairs 
of carotid arteries (e. a) to the head, a pair of subclavia 7 is 
{scl, a) to the pectoral fins, unpaired cceUac {cl. a) and 77tcS‘ 
C7iteric arteries {ms. a) to the enteric canal, liver, pancreas, 
and sfileen, numcirous paired re7ials {r. a) to the kidneys, 
sper?7iatics {sp. a) io the gonads, and a pair of iliacs {il. a) 
to the jielvic fins. The posterior part of the dorsal aorta, 
supplying the tail, is contained in the liDemal canal of the 
caudal vertebrae, and is known as the caudal a?dery {cd. a). 

All these arteries branch and branch again in the various 
parts to which they are distributed, their ultimate ramifica- 
tions opening, as in the case of the gills, into a capillary 
network with which every tissue, except the cartilages and 
the cpithelia, is permeated. In traversing these syste 7 nrc 
capillaries the blood parts with its oxygen and various 
nutrient matters to the tissues, and receives front them 
carbon dioxide and other waste matters, 
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From the systemic as from the respiratory capillaries the 
blood is collected into vessels which join into larger and 
larger efferent trunks. Rut these trunks are not thick-walled 
elastic arteries, but thin -walled, non-elastic, collapsible tubes, 
having valves at intervals, called Zfen/s. As a general rule 
every part of the body has a vein running alongside its 
artery, the blood in the artery flovving to the part in 
question, that of the vein away from it. 

The blood Irom the head is brouglit back by a pair of 
jugular veins {j. 7>) : each of these enters a largo prccaval 
vein {pr. cv. v)^ which passes vertically downwards and 
enters t^"^' sinus venosiis. The blood from the tail is re- 
turned by a caudal vein {cd. 7i) lying immediately beneath 
the caudal artery in the hoemal canal : this vessel enters the 
coelome and then divides into right and left branches, the 
renal portal veins (r. p. ?;), which ])ass to the kidneys and 
join with the capillaries of these organs, the imjiure blood 
brought from the tail m'ngling with the pure blood of the 
renal arteries {r. a). Fnmi the kidneys the blood is returned 
into a pair of immense cardinal veins (crd. which pass 
forwards, receiving vc‘ins from the reproductive organs (sp. v), 
muscles, Nrc., and finally join each with the corresponding 
jugular to form the prccaval vein. 

From the stomach, intestine, .spleen, and j)ancreas the 
blood is collected by numerous veins, whfch all join to form 
a large hepatic portal vein (k. p, v). This behaves in the 
same way as the renal portal : instead of joining a larger 
vein on its way to the heart, it passes to the liver and breaks 
up to connect with the capillaries of that organ, its blood, 
‘deprived of oxygen but loaded with nutrient matters from 
the enteric canal, mingling with the oxygenated blood 
brought to the liver by a branch of the cocliac artery. After 
circulating through the capillaries of the liver the blood 

c c 2 
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is taken by a pair of hepatic veins (//. v) to the sinus 
venosus. 

The i/iac veins (//. ?') from the pelvic fins pour their blood 
into* the lateral veins {lat. 7 '), })aired trunks running forwards 
in the side walls of the body to the sinus venosus, and 
receiving at their anterior ends the stibclavia 7 i veins (scl. v) 
from the pectoral fins. 

Some of the veins, especially the cardinals and spermatics, 
are dilated into s})acious cavities called sinuses. These are, 
however, of a totally different nature from the sinuses of the 
crayfish, which are mere spaces among the tissues devoid of 
proper walls. In the dogfish, as in Vertebrata generally, the 
blood is confined, throughout its course, to definite vessels, 
the heart, arteries, capillaries, and veins invariably forming 
a closed system of communicating tubes. 

'The general course of the circulation will be seen to agree 
with that already described in the crayfish and mussel : f.c., 
the blood is dri\en by the contractions of the heart through 
the arteries to the various tissues of the body, whence it is 
returned to the heart by the veins or sinuses (compare 
Figs. 88, 96, and 104 a). But whereas in both crayfish 
and mussel the respiratory organs are interposed in the 
returning current, both their afferent and efferent vessels 
being veins, in the dogfish they are interposed in the out- 
going current, their afferent and efferent vessels being 
arteries. An artery, it must be remembered, is a vessel 
taking blood from the heart to the tissues of the body, and 
having thick walls td resist rhe strain of the heart’s pulsa- 
tion ; a vein is a thin-walled vessel bringing back the blood 
from the tissues to the heart. 

Moreover, the circulation in the dogfish is complicated by 
the presence of the two portal systems, renal and hepatic. 
In both of these we have a vein, renal portal or hepatic 
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portal, which, instead of joining with larger and larger veins, 
and so returning its blood directl} to the heart, breaks up, 
after the manner of an artery, in the kidney or liver, the 
blood finding its way into the ordinary venous chaiineLs 
after having traversed the capillaries of the gland in question. 

Thus an ordinary artery arises from the heart or from an 


^ fto » » » » 



Tk;. 104A.— Diagram illu trating the course of the circulation in the 
Dogfish. 

Vessels containing oxygenated blood, red ; non-oxygenated, blue, 
y?, capillaries of the body generally ; E, of the enteric canal ; (/, of 
the gills ; J\\ of the kidneys ; A, of the liver ; 7 \ of the tail. 

a, hr. a, afferent branchial arteries, an, auricle ; c. a, conus arteri- 
osus ; d. ao, dorsal aorta ; c, hr. efferent branchial arteries ; h. /. 
hepatic portal vein ; h. v, hepatic vein ; /r, lacteals ; iy, lymphatics; 
py. cv. 7 ', ]U'ecaval \cin ; r. />. renal j)Ortal vein ; j. 7/, sinus venosus : 
7/, ventricle ; v. ao, ventral aorta. 

Idle arrows show the direction of the current. 

(From Parker and Haswell’s Zoology,) 


artery of higher order and ends in capillaries ; an ordinary 
vein arises from a capillary network and ends in n veiti of 
higher order or in the heart. But the hepatic and renal 
portal veins end in capillaries after the manner of arteries, 
and the efferent branchial arteries begin in capillaries after 
the manner of veins. 
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With regard to thegejieral morphology of the blood-systeni, 
the dorsal aorta with the caudal artery may be considered as 
a dorsal vessel (compart Polygordius, p. 279, and Crayfish, 
p. 340), the caudal vein, hcjxitic portal vein, heart, and ven- 
tral aorta as together representing a ventral v: .sei, the affer- 
ent and efferent branchial arteries as commissural vessels, 
and the lateral veins as lateral vessels. It will be seen that 
the heart of Vertebrates is a muscular dilatation of the 
ventral vessel. 

The blood is red, the colour being due, as in some species 
of Polygordius (p. 2 So), to haiinoglobin. The pigment is not, 
however, diffused in the plasma of the blood, but is confined 
to the red corpuscles, flattened oval cells with large nuclei, 
like those of the frog referred to in an early Lesson (p. 56, 
Pig. 8). Among the red corjiuscles, but in much smaller 
numbers, are leucocytes. When the blood is fully oxy- 
genated it takes on a bright scarlet colour, and is usually 
called arterial blood : when the oxygen has been given up to 
the tissues the c olour becomes dull purple, and the blood is 
called venous. But the student must avoid the common 
error that arterial blood is necessarily confined to arteries 
and venous to veins ; in the dogfish, for instance, the ventral 
aorta and the afferent branchial arteries contain venous 
blood. 

In addition to the blood-vessels the dogfish possesses a 
set of channels called lymphatics (Fig. 104A, ly), consisting of 
colourless thin- walled vessels, mostly running alongside the 
arteries and veins. Traced in one direction they ramify ex- 
tensively, and end in a set of lymph-capillaries interwoven 
with, but distinct from, the blood capillaries ; traced in the- 
other direction they join into larger and larger trunks, pro- 
vided at intervals with valves, and finally open into the 
veins. The lymph capillaries take up the drainage from the 
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tissues and pass it into the veins. The fluid they contain, 
called lymph, is practically blood, jntmis its red corpuscles; 
its leucocytes are formed in structures called lymph itic glands, 
which occur in the course of the vessels. The lympjiat'cs 
of the enteric canal are called lacfeuls : th('y take an im- 
portant share in the absorption of fats. 

d’he neriKuis system, like the circulatory organs, is vastly 
in advance of anything vve have yet met with. The central 
nervous system consists of a Irain (Tig. 103), contained 
in the cranial ( avity, and continuous posteriorly with a 
spinal cord {sp. c) contained in the neural canal of the back- 
bone. 'rhus the central nejrvous system is exclusively dorsal 
in position, and is not traversed by the enteric canal as in 
Polygordiiis, the ctaylish, and the mussel. 

Another characteristic feature of the dogfish's nervous 
system is that it is not solid, like that of Polygordiiis and 
the crayfish, but is o.ibular, being traversed by a longitudinal 
canal, the nciirocadc (log. 99, N. Ccc), lined with epithelium. 
In the sj)inal cord the .leiiroccele has the form of a narrow 
central canal ; in the brain it expands into a fairly capacious 
system of cavities, the cerebral ventricles, 

d'he brain or anterior expansion of the nervous system is 
a complex structure divisible into si veral parts. The hind- 
most division, continuous with the spinal cord, is the medulla 
oblongata (Figs. 103 and 105, Nil), and has above it the cere- 
bellum {HH). Immediately in front of these two divisions is 
the mid-brain, produced above into paired elevations, the optic 
lobes. In front of the mid-brain is a small section called 
the diencephalon {ZH), and anterior to this again a large 
prose}icep/ialon ( VII), corresponding with the cerebral 
hemispheres of the higher Vertebrata, and giving off in front 
paired olfactory lobes (Z. ol). All these divisions of the 
brain contain ventricles rho), varying considerably in 
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form and size. Connected with the dorsal region of the 


VJT Zol 



Fig. 105. — Dorsal view of the brain of the Scylliiim (anicula. 

The posterior division of the brain is the medulla oblongata 
on the dorsal surface of which is shown one of the cerebral ventricles 
(FI rho). 

The large cerebellum (FI/F) nearly covers the optic lobes (MH). 
The dicnccphalon (ZH) shows in the middle one of the cerebral ven- 
tricles, and the place of attachment of the pineal body (Gp). 

The prosencephalon ( VH) gives off the olfactory lobes ( fro, L. oL). 
The following nerves are shown ; — optic (//), trochlear tri- 

geminal ( V)f facial ( VI/)y auditory ( VI IF), glossopharyngeal (FX), and 
vagus (A"). 

(From Wiedersheim.) 

dicnccphalon is the pineal body (Fig. 103, representing 
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the vestige of a sensory orgnn, and connected with the ventral 
surface of the same division is j^Uuitary body {ptv). 

The mode of origin of the nerves is also characteristic. 
From the spinal cord the nerves arise segmcntally, one* pair 
corresponding to each myomere, and pass thiough aper- 
tures in the neural arches of the vertcbrx\ Ea('h arises by 
two roots, a dorsal and a ventral. 'Fhe dorsal root is dilated 
into a ganglion, and contains only sensory fibres ; the ventra^ 
root is non-ganglionated, and is motor. A longitudinal 
ganglionated sympathetic ncrve^ extending along ^he dorsal 
region of the ccelome, is connected with the spinal nerves, 
and sen'^^« branches to the viscera, blood-vessels, cVc. 

From the brain arise ten pairs of nerves, some of which 
are sensory, others motor, others mixed. Three are the 
nerves of the principal sense-organs, the first or olfactory 
supplying the organ of smell ; the second or optic (Fig. 105, 
ii) the retina of the eye '\see below), and the eighth or auditory 
( VI/I)j the organ of hea»*ing. The third or oculomotor^ the 
fourth or trochlear {Ilf, and the sixth or abducent go to the 
muscles of the eye ; the fifth or trigeminal {V) to the snout 
and jaws : the seventh or facial ( VII) to the palate, lower 
jaw, and hyoid arch ; the ninth or glossophary ngeal {IX) to 
the hyoid and first branchial arches, and the tenth or vagus 
to the remaining branchial arches, as well as to the heart, 
stomach, and lateral line. 

Besides the lateral line, which is probably the seat of a 
delicate tactile sense, and the tongue, which is presumably 
an organ of taste, there are three pairs of sensory organs, the 
structure and position of which is very characteristic of Ver- 
tebrates. These are the olfactory organs, the eyes, and the 
auditory organs. 

The olfactory organs are a pair of cup-like sacs on the 
under side of the snout, enclosed in the olfactory capsules 
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and opening externally by the nostrils. 'I'liey are lined with 
mucous membrane, which is raised up into ridges so as to 
increase the surface. The actual organ of smell is the 
epithelium forming tlie superficial layer of the mucous 
membrane ; it is developed as an in-pushing of the ectoderm, 
and is supplied by the olfactory nerve. 

The eves are a pair of nearly globular organs, lying in the 
orbits and moved each by six muscles. Their structure is, 
in all essential respects, the same as in man. There is an 
outer capsule, the sclerotic, formed of cartilage, lined by a 
vascular membrane, the choroiii, within which is a delicate 
membrane, t)igmented externally, the ?rfina or actual organ 
of sight. In the front or exposed i)art of the eye the 
sclerotic passes into a transparent, watch-glass-like cor7iea, 
and the choroid into a curtain or diaphragm, the iris, having 
a central ai)ertiire, the pupil, to admit the rays of light to 
the interior of the eye. Behind the pupil is a gelatinous, 
biconvex crystalline lens of glassy transparency. d'he 
space between the cornea and the iris is called the anterior 
chamber of the eye, and is filled by a watery fluid, the 
aqueous humour. 4 'he main part of the cavity of the eye, 
bounded in front by the lens, and for the rest of its extent 
by the retina, is the posterior chamber, and is filled with a 
gelatinous substance, the vitreous humour. 4'he cornea, 
aqueous humour, lens, and vitreous humour together form a 
series of adjustable lenses serving to focus objects on the 
retina, and the stimulus thus aj)plied to that membrane is 
conveyed by the fibres of the optic nerve to the brain. 

The auditory organ is a sac of complex form, the man- 
branous labyrinth, enclosed in the auditory capsule of the 
skull, where it floats in a watery fluid, the perilymph. It 
consists of a sac called the vestibule, with which are con- 
nected three tubes, called from their form the semicircular 
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amah. Two of these, the anterior and posterior canals, are 
vertical in positi :)n, and are united with one another at their 
adjacent ends ; at the other end each s dilat(?d to form a 
bulb-like s v eiling, the ampulla. The third or horizontal 
canal opens at each end into the vestibule, and has ar 
ampulla at its anterior end. The vestibule gives off a tube, 
the endolymphatic duct,, which opens on the top of the head. 
The whole a^jparatus contains a fluid, the endoJympkj in 
which is a gelatinous substance enclosing calcareous par- 
ticles or oto/itks. Ikitches of sensory epithelium are found 
in the vestibule and in the ampullai, and to these the fibres 
of the nuditory nerve are distributed, d'here seems little 
doubt that the membranous labyrinth has not only an 
auditory, but also an e(iuilibrating function — i,e., that the fish 
is enabled by its means to maintain its equilibrium in the 
water. 

The excTetory and lire reproductive organs of the dogfish 
are so closely associated as to be spoken of together as the 
tirinogenital organs, dlie sexes are distinct, and the males 
are distinguished externally by having a pair of lai'ge gi'ooved 
rods, the claspcrs^ ('onnected with the inner borders of the 
pelvic fins. They arc; used, like the peculiarly modified first 
and second pairs of pleopods in the male crayfish (p. 323), 
as copulatory organs. 

'File kidneys (Fig. 103, hd) are long, flat, lobulated bodies 
lying one on each side of the backbone in the posterior 
part of the abdominal cavity. From the ventral surfat:e of 
each spring numerous delicate ducts, which unite into a 
single tube, the Uf'cter (ur\ opening direcdly into the cloac'a 
in the female, in the male into a small unpaii*ed cdiamber, 
the iu’inogenital sinus {ug.s), whic:h opens into the cloaca. 

In the embryo the kidneys appear in the form of separate 
segmentally arranged tubes (Fig. 99, Aph) having the 
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general character of nephridia, opening on the one hand 
by nephrostomes into the coelome, and on the other into a 
longitudinal duct which discharges into the cloaca. Thus 
the primitive struciure of the kidney furnishes another 
instance of metamerism in the dogfish. 

In the male there is a single pair of /es^cs (Fig. 103, fs)j 
in the form of large soft organs, united with one another 
posteriorly. They are suspended by a fold of peritoneum 
to the dorsal body-wall. From the anterior end of each 
arise numerous delicate efferent duets, wiiich enter a long, 
convoluted spermiduct or vas deferens (ik def). This passes 
along the ventral aspect of the kidneys and dilates into a 
conical y)0uch, the vesicula seminalis ipns. seni), and the two 
vesiculte open, along with the ureters and a pair of reser- 
voirs called sperm-sacs (sp. s), into the urinogcnital sinus. 

The female has a single 07 'ary (Fig. 99, 07 y) suspended to 
the dorsal body-wall by a fold of peritoneum. In the adult it 
is studded all over with rounded ])rojections, the 07hi, varying 
in diameter from j 2-14 mm. dowmw^ards. The oviducts {ovd) 
are paired and exU nd along the wiiole length of the dorsal 
wxall of the c(elome, below' the kidneys. Anteriorly they 
unite with one another below' the gullet and just in front of 
the liver, and at the point of junction is a single aperture of 
considerable size {ovd),hy which l)oth tubes communicate with 
the ccelome : posteriorly they open into the cloaca. About 
the anterior third of each oviduct is narrow' ; its posterior 
two-thirds is wa'de and distensible, and at the junction of the 
two parts is a yellow'ish, glandular mass, the shell-gland. 

Internal impregnation takes place, the spermatic fluid of 
the male being passed, by means of the claspers, into the 
oviducts of the female. The eggs, w'hen ripe, break loose 
from the surface of the ovary into the coelome, and thence 
pass, through the common aperture, into one or other of 
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the oviducts, where fertilisation occurs. As it passes into 
the dilated portion of the oviduct the oosperm of Scyllinm 
becomes surrounded by a horn-like egg-shell or “ mermaid’s 
purse secreted by the shell-gland, and having the fdriii of 
a pillow-case produced at each of its tour angles into a long, 
tendril-like process. 'The eggs are laid among sea-weed, to 
which they become attached by their tendrils. In Acanthias 
and Miistelus a mere vestige of the egg-shell is formed, anH 
the eggs undergo the whole of their development in the 



Fio. I06. — Section of the upper part of the embryo of a Dogfish in 
the blast ula stage. 

llie blastoderm is formed .>f a single layer of ectoderm cells (white) 
and of several rows of cells (shaded), wliich subsequently give rise to 
endoderm and mesoderm ; th(' blastocnele. 

Below the blastoderm is the unsegmeiited yolk containing scaiterecl 
nuclei (7/). 

(From Balfoui. ) 


oviducts, the young being eventually born alive with the 
form and proportions of the adult. 

The great size of the egg is due to the immense quantity 
of yolk it contains : its protojilasm is almost entirely aggre- 
gated at one pole in the form of a small disc. AVhen 
segmentation of the oosperm takes place it affects thc^ 
protoplasm alone, the inactive yolk, as in the Crayfish 
(p. 344), taking no part in the process. The polyplast 
stage consequently consists of a little heap of cells, called 
the blastoderm (Fig. to6), at one pole of an undivided 
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sphere of yolk. The edge of the blastoderm becomes in- 
vaginated at one point, forming the gastrula, and its cells 
become differentiated into the three embryonic layers — 
ectoeferm, mesodeim, and endoderm. At the same time 
the blastoderm extends in a peripheral direction so as 
gradually to cover the yolk, and its middle part becomes 
raised up into a ridge-like thickening which is moulded, 



Fin. 107. — A, embryo of Scyllium with yolk-sac ( x li) : B, under-side 
of head, enlarged 

br. A branchial filaments protruding through gill-clefts : br. f\ 
branchial filaments protruding through spiracle ; cd. j\ caudal fin ; d, f, 
dorsal fins ; c, eye ; ex. br. a/), external branchial .apertures ; 
mouth ; wa, nostrils ; /r/. /, pectoral fin ; pv. /, pelvic fin ; st^ yolk- 
stalk ; V. /, ventral fin ; yk. ir, yolk-sac. 

(After Balfour, slightly altered.) 

step by step, into the form of the embryo fish. The head, 
trunk, and tail acquire distinctness, and become more and 
more clearly separated off from the bulk of the egg, the 
latter taking the form of a yolk-sac (Fig. 107, a, yk. s) 
attached by a narrow stalk to the ventral surface of the 
embryo. 

In this condition the various parts of the adult fish can 
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be recognized, but the pioportions are diffeicnt, and the 
head presents several peculiarities. The gill-filanients 
/) are so long as to jirojcct tlirough the exieTnal 
branchial apertures and the si)iracle ipr. f)^ in the form of 
long threads, abundantly sujiplied with blood-vessels, and 
apparently serving for the absorption of nutriment — the 
albumen in the egg-shell in the case of Scyllium, secretions 
of the ovidiK't in the viviparous forms. Besides this mod. 
of nutrition the yolk-sa(' communicates with the intestine by 
a narrow duet {st)^ through which absorjition of it^ contents is 
constantly going on. By the time the young fish is ready 
to be b(>’'n or hatched the greater part of the yolk-sac has 
been drawn into the coelome, a mere vestige of it still 
dangling from the ventral surface of the body. 
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In the six previous lessons we have traced the advance 
in organization of animals from the simple diploblastic 
Hydra to the complicated triploblastic forms which con- 
stitute the five higher phyla of the animal kingdom. We 
have now to follow in the same way the advance in structure 
of plants. The last member of the vegetable kingdom with 
which we were concerned was Nitella (I^ess. XX), a solid 
aggregate, exhibiting a certain differentiation of form and 
structure, but yet composed of what were clearly recogniz- 
able as cells, there being, as in Hydra, none of those 
well-marked tissues which form so noticeable a feature in 
Polygordius as in other animals above the C'oelenterata. 

Taking 'Nitella as a starting point, we shall see that among 
plants, as among animals, there is an increasing differentia- 
tion in structure and in function as we ascend the series. The 
first steps in the process are well illustrated by a considera- 
tion of that very abundant and beautiful group of plants, the 
Mosses. In spite of the variations in detail met with in 
different genera of the group, the essential features of their 
organization are so constant that the following description 
will be found to apply to any of ihe common forms. 




Fig. io8. — The Anatomy and llistology of Mosses. 

A, Entire plant of Fuiiaria hyg7'ometricat showing stem {st)^ leaves 
(/), and rhizoids (r^)- (x 6. ) 

B, leaf of the same, showing midrib [nid. r) and lateral portions. 
(X 25.) 
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c, semi-cliagrammatic vertical section of a moss, showing the arrange- 
ment of the tissues. The stem is formed externally of sclerenchyma 
(.sv/), and contains an axial bundle (ax. l>) : in some of the leaves (/) 
the section passes through the midrib, in others (/') through the lateral 
portion : the stem ends distally in an apical cell (<7/. t ), from which 
segmental cells c) arc sejiarated. 

D, transverse section of the stem of Bryiim rosni;n, showing scleren- 
chyma {scl)^ axial bundle />), and rhizoids [rh). ( x 6o. ) 

E, transverse section of a leaf Fimaria, showing the midrib r) 
formed of several layers of cells, and the lateral portions one cell thic):, 
(X150.) 

F, small portion of the lateral region of the same, showing the form 
of the cells and the chromatophores {( hr). ( x 150.) 

G, distal end of the stem of Foiitnialis atitipyrciiia in vertical section, 
showing the a})ieal cell {ap. c) giving rise to segmental cells (sv;;*. e), 
which by 'subseejuent division form the segments of the stem with the 
leaves : the tliick lines show the boundaries of the segments. 

II, diagram of the apical cell of a moss in the form of a tetrahedron 
with rounded base nbe and three flat sides abd., bed., aed. 

(D, after Sachs ; G, after Leitgeb.) 

The plant consists of a short slender stem (Fig. 108, A, s/), 
from which are given off structures of two kinds, rhi/ 5 oids or 
root-hairs (c//), which pass downwards into tlie soil, and leaves 
(/), whi('h are closely set on the stem tind its branches. 7\s 
in Nitella (p. 205) the ])orti()n of the stem from whit'h a leaf 
arises is c'alled a node, and the ])art intervening between any 
two nodes an internode, while the name segment is ap[)lied 
to a node with the internode next below it. At the up])er or 
distal end of the stem the leaves are crowded, forming a 
terminal bud. 

Owing to the o])acity of the stem, its structure can only be 
made out by the examination of thin sections (cand d). It is 
a solid aggregate of close-set cells which are not all alike, l)ut 
exhibit a certain amount of differentiation. In the outer 
two or three rows the cells (sr/) are elongated in the direc- 
tion of the length of the stem, so as to have a spindle-shaj^cv 
and their walls are greatly thickened and of a reddish colour. 
They thus form a })rotective and supporting tissue, to which 
the name sclef'ctichytna is applied. Running longitudinally 
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through the centre of the stem is a mass of tissue (ax. />) 
distinguished by its smail, thin-walled cells, and constituting 
the ax/a/ i)UfidIc. 

d'he leaves (i'.) are shaped like a spear-head, i)C»iiiied 
distally, and attached proximally by a broad base to the 
stem, d'he axial portion (u and k, })id. r, c, consists o1 
several layiTs of somewhat elongated cells and is called the 
inidril) : the latc.'ral portions (jc and f : c, /) are formed of 
single layer of short celK'. 'Lluis the leaf has, for the most 
part, the character of a superfiraal aggregate, d'he cells 
contain o\cil chromatophores (f, c/ir). 

The rhizoids (c and d, rh) are linear aggregates, being 
formed of elongated cells, devoid of chlorophyll, arranged 
end to end. 

In the terminal bud the leaves, as in Nitella (pp. 206 and 
208), arch over the; growing point of the stem, whic h in tliis 
case also is formed c i a single apical cell (c and (i, ap. c). 
lliit in correspondence with the increased com})lexity of the 
plant, the a})ical c'ell is not a hemisphere from which new 
segments are cait off parallel to its flat base, but has the form 
(n) of an inverted, three-sided pyramid or tetrahedron, the- 
rounded base of which (alK) forms the apex of the stem 
while segments (.fcg. c) are cut off from each of its three 
triangular sides in succession. 

The best way to understand the apical growth of a moss 
is to cut a tetrahedron with rounded base out of a carrot or 
turnij.) : this re])resents the apical cell (a) : then cut off a 
slice parallel to the side a second parallel to l^cd, and a 
third parallel to acd : these represent three successively 
.formed segments. Now imagine that after every division 
the tetrahedron growls to its original size, and a very fair 
notion will be obtained of the way in w’hich the successive 
segments of the moss-stem are formed by the flssion in three 

D D 2 
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pianos of the apical cell. Each segment (c and G, seg. c) 
immediately after its separation divides and subdivides, pro- 
ducing a mass of cells from which a j)rojection grows out 
formmg a leaf, and in this way the stem increases in length 
and the leaves in number. 

Asexual reproduction takes place in various ways ; all of 
them are, however, varieties of budding, and the buds always 
arise in the form of a linear aggregate of cells ('ailed a 
proionema : from this the moss-plant develops in the same 
way as from the protonema arising from a spore (p. 408). 

The gonads are developed at the extremity of the main 
stem or one of its branches, and are enclosed in an involucre 
or tuft of leaves often of a reddish c'olour — the terminal bud 
of the fertile shoot or so-called “ flower ” cT the moss. 

'rhe spermary (big, 109, a-) is an elongated club- 

shaped body consisting of a solid mass of cells, the outer- 
most of which form the wall of the organ, while the inner 
(a^^) become converted into sperms, ddie latter (a^) are 
spirally coiled and provided with two ('ilia : they are liber- 
ated by the ru])ture of the wall of the spermary at its 
distal end (a“), and swim in the rain or dew covering the 
plant. 

d'he ovaries^ (see Preface, ]). viii) (id, ]]2) may or may 
not occur on the same plant as the spermaries, some 
mosses being monoecious, others dioecious. Like the sj)erm- 
aries, they consist at first of a solid mass of cells which 
assumes the form of a flask, having a‘ rounded basal portion 
or venter (%i) and a long 7 ieck (;/). The outer layer of cells 
in the neck and the two outer layers in the venter form the 
wall of the ovary, the internal cells are arranged in a single 

^ The ovary of mosses, ferns, &c,, is usually called an archegonium ; 
the spermary, as in the lower plants, an anthcridiuni. 
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axial row at first similar to those of the wall. As tlie ovary 
develops, the proximal or lowermost cell of the axial jow 
takes on the character of an ovum (p.% ov) ; the otliers, called 
cii?ial cells {cn, c\ are converted into mucilage, which 1)y its 
expansion forces o[)en the mouth of the flask and thus makes 
a clear {)assage from the exterior to the ovum (e^). 

'i’hrough the passage thus formed a sperm makes its way 
and conjugates \\ith the ovum, producing as usual a’’ 
oos{)erm or unicellular embryo. 

The development of the embryo is at first ’-cmarkably 
like what we ha\e found to take place in Hydroids (p. 246). 
'fhe oosoerni, having surrounded itself with a cell-wall, 
divides into two cells by a wall at right angles to the long 
axis of the ovary : each of these cells divides again re- 
peatedly, and there is pniduced a solid multic'ellular embryo 
or polyplasi (c^ spymu). 

Ver)' early, however, the moss-polyplast exhibits a striking 
difference from the anircal ])(dyplast or morula : one of its 
cells -that nearest the ne('k of the ovary- -takes on the 
character of an apical ('ell, and begins to form fresh ^{g- 
memts like the a[)i('al cell of the stem, dims the plant 
embryo differs almost from the first from the animal 
(md)r)o. In the animal there is no apical cell : all the 
cells of the polyplast divide and take tlua’r share in the 
formation of the permanent tissues. In the plant one cell 
is at a very early period differentiated into an apical cell, and 
from it all cells thereafter produced are, directly or indirectly, 
derived. 

d'he embryo continues to grow, forming a long rod like 
•body (c -, the base of which becomes sunk in the 

tissue of the moss-stem, while its distal end projects vertically 
upwards, covered by the distended venter {v) of the ovary. 
CTadually it elongates more and more and its distal end 




Fio. 109. — Reproduction and DeveIoj)mcnt of Mosses. 

A^, A spermary of Funaria in optical section, showing the wall en- 
closing a central mass of sperm-cells ; A-, the same from the surface 
discharging its sperms. ( x 300.) 
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A*'*, a sperm-cell with enclosed sperm : A^, a free-swimndng sperm. 
( X 800. ) 

id, an ovary of Funaria, surface view, showing venter (7/) and neck 
{//) : the same in optical sectiem, sliowing ovum {o 7 >) and canal cells 

(r/L c): B'^, tl e same after disappearance of the canal cells : the neck is 
freely open, and the ovum [ov] ext)oseu. ( x 200. ) • , 

c^, ovary with withered neck coniaining an embryo {sppmi) in the 
j^ilyplast stage ( x 200) : in c- the ovary, consi.'^ting of swollen venter (7^ 
and shrivelled neck (;;), encloses a young sporogonium > the 

distal end of the stem is shown with’ bases of leaves (/) ; in c'^ the venter 
has ruptured, forming a lu'oximal portion or sheath and a distal portion 
or cabv'ptra whicii is carried up by the growth of the s])orogoniin'\ 
(X ro'.) 

c^, a small plant of Funaria with ripe sporogonium consi-^ting of seta 
(.7/), with urn (//) ami lid (/) covered by the caTyptra (r). 

c^’, tliagrrimmatic vertical section of urn {ii)t showing lid (/), air spaces 
(i?)> ^md spores {sp). 

a ^'u'minating s]iorc of Funaria, showing ruptured outer coat {p) 
and young protonema {pr) with rhizoid [r/i). ( x 550.) 

!>-, portion of protonema of the same, sliowing lateral bud from 
which the leafy plant arises. ( x 90.) 

(a and D, after Sadis ; B, c\ and c'g altered from Sachs.) 

diltilcs : the embryo has now become a sporogonium^ con- 
.sisting of a slender . (alk (c^ st) bearing a vase-like capsule 
or urn {u) at its distal end. In the meantime the elonga- 
tion of the stalk has caused the rupture of the enveloping 
venter of the ovary (c‘^) : its proximal part remains as a sort 
of sheath round the base of the stalk, while its distal poition, 
with the shrivelled remains of the neck (;/), is carried up hy 
the elongation of the sporogonium ana forms an extinguisher- 
like cap or caJyptra (cd, c) over the urn. 

As development goes on, the distal end of the urn be- 
comes sepiaratcd in the form of a lid (c^, c^, /), and certain 
of the cells in its interior, called spore-?/iofhcr ce/ls^ divide 
each into four daughter cells, which acquire a double cell- 
wall and constitute the spores sp) of the moss. 

When the spores are ripe the calyptra falls off or is blown 
away by the wind, the lid separates from the urn, and the 
spores are scattered. 

In germination, the protoplasm of the spore covered by 
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the inner layer of the cell-wall protrudes through a split in 
the outer layer (d\ sp) and grows into a long filament, the 
protone^na {pr,)^ divided by oblique septa into a row of cells. 
The protonema — which it will be observed is a simple linear 
aggregate — branches, and may form a closely-matted mass 
of filaments. Sooner or later small lateral buds (d^, M) 
appear at various placets on the protonema : each of these 
takes on the form of a three-sided jiyramidal apical cell, 
which then proceeds to divide in the characteristic way 
(p. 403), forming three rows of segments from which leaves 
spring. In this way each lateral bud of the protonema gives 
rise to a moss-plant. 

Obviously we have here a somewhat complicated case of 
alternation of generations (see p. 248). The gamobium or 
sexual generation is represented by the moss-plant, which 
originates by budding and produces the sexual organs, while 
the agamobium c'onsistsof the sporogonium, developed from 
the oo.sperm and reproducing by means of spores. The 
protonema, arising from a spore and producing the leafy 
])lant by budding, is merely a stage of the gamobium. 

The nutrition of mosses is holophytic ; but there is a 
striking differentiation of function correlated with terrestrial 
habits. Jn Nitella the entire organism is submcTged in 
. water and all the cells contain chlorophyll, so that decom- 
position of carbon dioxide and absorption of an aqueous 
solution of salts are jierformed by all parts alike, ever)’ 
cell being nourished independently of the rest. In the 
moss, on the other hand, the rootlets are removed from 
the influence of light and contain no chlorophyll : hence 
they cannot decompose carbon dioxide ; but, being sur- 
rounded by moist soil, are in the most favourable position 
for absorbing water and mineral salts. The stem, again, is 
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converted into an organ of support : the thi('kness of its 
external cells prevents absorption and it contains no 
chlorophyll. Hence the function of decomposing carbon 
dioxide is confined to the leaves. • 

We have thus as an important fact iii the nutrition of an 
ordinary terrestrial plant that its carbon is taken in at one 
place, its water, nitrogen, sulphur, potassium, Nk'., at anoth er. 
But as all parts of die ])iant ivcjuire all these substances it is 
evident that there must Ix^ some means by whicT the root 
can obtain a supply of carbon, and the leaves a suj)p]y of 
elements other than carbon. In other words, we find for 
the first timc‘ in th(? asc'ending series of plants, just as we 
did in asc'ending from the simple Hydra to the com[)lex 
Ihilygordius (f). 278; the need for some contrivance for liic 
distribution of food materials. 

The way in which tfu> distributing jiroc'css is performed 
has been studied chiell^ in the higher })lants, but its essential 
features are probably tlu' same for mossc's. 

Water is ('ontinually evajiorating from the surface of the 
leaves, its place being as constantly supjilied by water— with 
salts in solution - takcai in by the rhizoids. ddiis iraus- 
pi ration, or giving off of water from the leaves, is one 
important factor in the jirocess under considc'ration, sinc't.' 
it ensures a constant upward current of water, or, more 
accurately, of an a^jueous solution of mineral salts. The 
withering of a plucked moss-plant is of course due to the 
fact that when the roots are not embedded in moist soil or 
in water, transpiration is no longer balanced by absorption.^ 
In the higher plants it has been found that the root-hairs 
.have an absorbent action independent of transpiration, so 
that water may be absorbed in the absence of leaves. 

^ Mosses, however, unlike most higher plants, can absorb water by 
their leaves. 
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By the transpiration current, then, the leaves are kepi 
constantly supplied with a solution of mineral salts derived 
from the soil, and are tlnis nourished like any of the a(]uatie 
^ree»n plants considered in previous lessons : hy the double 
decomposition of water and carbon dioxide a carho-hydralc 
is formed: this, hy further ('omhination with the nitrogt'ii 
of the absorbed ammoniinri salts or nitrates, forms simple 
nitrogenous com|:)ounds, and from these, j:)rol)abI\' througli 
a long series of mesostates or intermediate products, proto- 
l)lasm is finally manufactured. 

In this way the food supply of the green cells of the 
leaves is accounted for, but we have still to consider that of 
the colourless ('ells of the stem and rhizoids, which, as we 
have seen, are supplied by the transi)iration ('urrent with 
ev(Tything iht'y re(iuire except carbon, and this, owing to 
their possessing no chlorophyll, they are unable to take in 
in the form of carbon dioxide. 

As a matter of fact the chlorophyll-containing cells of the 
leaves have to provide not only their own food, but also 
that of their not-green fcdlows. In addition to making good 
the waste of their own protoplasm they jwoduce large 
(piantities of j)lasli(' products (se(‘ p. 33) such as gra])e 
sugar, and simple nitrogenous ('ompoiinds like as])aragin, 
and these* pass by diffusion from cell to cc‘ll until they rc'ac'h 
the uttermost parts of the ])1ant, siu'h as the axis of thi* 
stem and the extremities of the rhizoids. The colourless 
cells are in this way provided not only with the salts 
contained in the as(‘ending transpiration current, but with 
carbo-hydrates and nitrogenous compounds. From these 
they derive their nutriment, living therefore like yeast-cells- 
in Pasteur’s solution, or like Bacteria in an organic 
infusion. 

\\Y‘ see then that the colourless cells of the stem and 
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rhizoids are dependent upon the green cells of the leaves 
for their siippli iS. Like other cells devoid of chlorophyll 
they are unable to make us(' of carl)OP dioxid(' as a source 
of carbon, but require ready-made carbo-h)’c irate*?, the 
manufacture of which is continually going on, during 
daylight, in the chloro})hyll-containing cells of the leaves. 
This striking division of labour is the most important 
physiological difference betwce?i m(')sses and the more lowly 
organised green plants descrilx'd in pn.:vious lessoii^ 
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We saw in tlu‘ [)rcvious lesson that in mosses there is a 
certain though small amouiU of liistological differentiation, 
some cells being modified to form selerenehyma, others to 
form axial bundle's. We hav(‘ now to consider a group of 
{jlants which may l)e considered to be, in this respect, on 
much the same morphological level as Polygordius, the 
adult organism being ('omposed not of a mere aggregate of 
simple cells, but of various well-marked tissues. 

A fern- plant has a strong stem which in some forms, such 
as the common bracken {/Ver/s aiji(iU)ia) is a horizontal 
underground slrru ture called a r/iizome, often incorrectly 
considered as a root : in others it creeps over the trunks of 
trees or over rocks ; in others again, such as the tree-ferns, 
it is vertical, and may attain a height of three or hmv metres. 
From the stem are given off structures of two kinds — the 
leaves, which present an almost infinite variety of form in 
the various species, and the numerous slender roots. In 
some cases, such as the tree-ferns and the common Male 
Shield-fern i^Aspidiuin fiHx-7nas)^ the plant ends distally in a 
terminal bud, consisting, as in Nitella and mosses, of the 
growing end of the stem over-arched by leaves : in others 
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such as Pteris, the stem ends in a blunt, knob-like extremity 
quite uncovered by leaves. On the proximal j^ortiem of the 
stem are usually found the withered remains o^ th(‘ leaves 
of previous srasons, or the scars kTt by their kill* 'The 
roots are given off from the whole surface of the stem, 
often covering it with a closely-matted mass of dark blown 
fibres. 

AVh^n the stem is cut across transversely (Fig. no, a) h 
is seen, even with the naked eye, to consist of three well 
marked tissues, d'he main mass of it is formed of a whitish 
substance, soft and rather sticky to the touch, and called 
ground [arcnchy}}ia • this is covered by an external 

layer of very hard tissue, dark brown or l)lack in (xjlour, the 
hypodetinis {hyp ) : bands of a similar hard brown substance 
are variously distributed through the pareni'hyma, and con- 
stitute the sckrenchyina (sc /) : and interspersed with these 
are rounded or ovai patches of a yellowish colour ( V.J)^) 
harder than the jiarern'liyma but not so hard as the 
sclereiK'hyma, and t'alled vascu/ar h//ud/cs. 

The general distribution of these tissues can be madt* out 
by making longitudinal sections of the stem in warious 
planes or by cutting away the hypodermis, and then scraping 
the jiarenchyma from the vascular bundles and bands of 
sclerenchyma. d'he hypodermis is found to form a more or 
less complete hard sheath or shell to the stem, while the 
sclerenchyma and vascular bundles form longitudinal bands 
and rods imbedded in the parenchyma, and serve as a sort 
of supporting framework Or skeleton. 

The minute structure of the stem can be made out by 
the examination either of very thin longitudinal and trans- 
verse sections, or of a bit of stem which has been reduced 
to a pulp by boiling in nitric acid with the addition of a few 
crystals of potassium chlorate : by this process the various 
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A, ^'ransverse section of the slem of Plcri^> aquilina, shi)\Mng hy]»o- 

dermis {/ij'P), ground -parciich^^na (///r), bclcrenchyina {sc/}, aiul vascular 
bundles {V. B). ( x 2 . ) 

B, transverse section of a vascular bundle, showing bnndlc sheath 

{/). sh), sieve-tubes {sv. /), scalariforni vessels [si. 7’), and spiral vessels 
(./. 7'). _(x6.) 

c, seini-diagrainmatic vertical s(^ction of the growing point of the 
stem, showdng apierd cell {aj>. r), segmental cells (.w;- i ), and n]ncal 
mcristein {ap. nivr) ])nssing into pennnanent tissue consisting of ejndennis 
{tp)^ hypoderniis {hyp), ground ])arencliynia [par), sclerenchyma 
and vascular bundles in which the sheath (h. sh), sieve-tubes {sv. 1), 
scalarifnm vessels {sc. v), and spiral v<‘ssels {'p. 7>) aie indicated. 

1), a single paienchyina cell, slu.wing nucleus {ni), and vacuole 
{vac). 

K, cell of hypoderniis. 

F, portion of a sieve-tube, showing sicve-iilates (.s7^ //). 

G, ])ortion of a spiral vessel with tlie si'dtal fibre partly unrolled at the 
low'er eii ’’ 

H, fibre-like cell of sclerenchyma. 

I , portion of a scalaiiform vessel, jiart of the wall being sujiposcd to 
be removed. 

K, vertical section of a leaf of Ptcris, showing ujiper and lower e])!- 
dennis {cp), mesophyll c<'l!^ {ms. ph), wdth intercellular sjiaces {i. c. sp), 
a stoma [si) in the Iowan t jndermis, and hairs (//). 

I., surface view of e])i(h-< .io’s of leaf of Aspidium, showing tw'o stomata 
{s/) with tlieir guard -cells {q;d. < ). 

TM, veitical section of the eml of a root, showdng ajiical cell {ap. (), 
segmental cells {sc^i;. c), and root-cap (r. ip) wdth its youngest cap-cells 
marked i p. c. 

(A, B, and i)-K after ILnves ; m from Sachs, slightly altered.) 


li.ssiic elements are separated from one another, and can he 
readily examined under a high power. 

By combining these two methods of sectioning and 
dissociation, the parenchyma is found to consist of an 
aggregate of polyhedral cells {c, par ; d) considerably longer 
than broad, their long axes lieing parallel with that of the 
stem itself. I'he cells are to be considered as right cylinders 
which have been converted into polyhedra by mutual pres- 
sure. They have the usual structure, and their protoplasm is 
frequently loaded with large starch-grains. They do not fit 
quite closely together, but sfiaces are left betwoi^n them, 
especially at the angles, called intercellular spaces. 



4i6 


FERNS 


LEirS." 


The cells of the hypoderniis (e) are })roportionally longer 
than those of the parenchyma, and are pointed at each end : 
they contain no starch. Their walls are greatly thickened, 
and 'are composed not of cellulose but of lignin, a carbo- 
hydrate allied in composition to cellulose, but containing a 
larger proportion of carbon. Schulze’s solution, which, as 
we have seen, stains cellulose blue, imparts a yellow colour 
to lignin. 

Outside the hy[)odermis is a single layer of cells (c, cp) 
not distinguishable by the naked eye and forming the at'tual 
external layer of the stem : the cells have slightly thickened, 
yellowish-brown walls, and constitute the epidermis. From 
many of them are given off delicate filamentous processes 
consisting each of a single row of cells : these are called 
hairs. 

In the sclerenchyma the cells (h) are greatly elongated, 
and pointed at both ends, so as to have the character rather 
of fibres than of cells. Their walls are immensely thickened 
and lignified, and present at intervals oblicjue markings due to 
narrow but deep clefts : these are produced by the deposition 
of lignin from the surface of the protoplasm (see p. 33) being 
interrupted here and there, instead of going on continuously 
as in the case of a cell-wall of uniform thickness. 

The vascular bundles have in transverse section (b) the 
appearance of a very complicated network, with meshes of 
varying diameter. In longitudinal sections (c) and in dis- 
sociated specimens they are found to be partly composed of 
cells, but to contain besides structures which cannot be 
called cells at all. 

In the centre of the bundle are a few narrow cylindrical . 
tubes (b and c, sp. v.) characterised at once by a spiral 
marking, and hence called spiral vessels. Accurate exam- 
ination shows that their walls (g) are for the most part thin. 
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but are thickened by a spiral fibre, just as a paper tube 
might be strengthened by gumming a spiral Mrip of paste- 
board to its inner surface. These vessels are of c\)nsiderable 
length, and are open at both ends : moreover they contain 
no protoplasm, but are filled with either air or water : they 
have therefore none of the ('haracteristics of cells, lliey 
are shown, by treatment with Schulze's solution, to be com- 
posed uf lignin. 

Surrounding the group of spiral vessels, and forming the 
large polygonal meshes so obvious in a transvei.'>e section, 
are wide tubes (u and c, sc. 7.') pointed at both ends and 
fitting aj.iii^^l another in longitudinal scries by their 
oblique extremities. They have transverse markings like 
the rungs of a ladder, and are hence called sea lari for in 
vessels, 'fhe markings (1) are clue to wide transverse pits 
in the otherwise thick iignified walls : in the oblique ends 
by which the vessels fit against one another the pits are 
frequently replaced by "actual slits, so that a longitudinal 
series of such vessels forms a continuous tube containing, 
like the spiral vessels, air or water, but no protoplasm. In 
most ferns the terminal walls are not tlius perforated, and 
the elements are then called trackeides, 

d'he presence of these vessels — spiral and scalariform — 
is the most important histological character separating ferns 
and mosses. The latter group and all plants below them are 
composed exclusively of cells: ferns and all plants above 
them contain vessels in addition, and are hence called vas- 
cular plants. 

The vessels, together with small parenchyma-cells inter- 
'spersed among them, make up the central portion of the 
vascular bundle, called the Tjuood or xylem. The peripheral 
portion is formed of several layers of cells composing the bast 
or phloen^ and surrounding the whole are two layers of 

K E 
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small cells, the inner called the f/ilocm-s heath or/eneye/e, the 
outer, the lm 7 idle-sheath or ejtdoder?fiis {h, sh). 

The cells of the phloem arc for the most j^art parenchy- 
matous, but among them are some to \Yhich special 
attention must be drawn. These (i; and c, sv. /), are many 
times as long as they are broad, and have* on their walls 
irregular j)atches or (f, i'f/.//.) composed of groups 

of minute holes through whi('h the protoi)lasm of the cell is 
continuous with that of an adjacent cell. The transverse or 
oblique partitions between the cells of a longitudinal series 
arc also perforated, so that a row of such cells forms a sie 7 )e- 
ttibc in which the protoplasm is continuous from end to end. 
We have here, therefore, as striking an instance of a non- 
cellular tissue as in the deric ei)ithelium and certain other 
tissues of Polygordius (see p. 289). 

The distal or growing end of the stem terminates in a blunt 
apical cone or ])unctum vegetationis (c), surrounded by the 
leaves of the terminal bud in the case of vertical stems, or 
sunk in a depression and protected by close-set hairs in the 
underground stem of the bracken. A rough longitudinal 
section shows that, at a short distance from the apical cone, 
the various tissues of the stem — epidermis, parenchyma, 
sclerenchyma, and vascular bundles— -merge insensibly into 
a whitish substance, resembling parenchyma to the naked 
eye, and called apical meristem {ap. mer). 

Thin sections show that the summit of the apical cone is 
occupied by a wedge-shaped apical cell (ap, c) which in 
vertical stems is three-sided like that of mosses (Fig. 108, h, 
p. 401), while in the horizontal stem of Pteris it is two-sided. 
As in mosses, segmental cells (seg, c) are cut off from the three 
(or two) sides of the apical cell in succession, and by further 
division form the apical meristem (ap, mer),, which consists 
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of small, close-set cells without intercellular spaces. As the 
base of the apical cone is leache^l, the meristem is found to 
pass insensibly into the permanent tissues, the cells near the 
surface gradually merging into epidermis and hypodermis, 
those towards the c:entral rcgioii into sclerenchyma and the 
various constituents of the vascular bundles, and those of 
the intermediate regions into parenchyma. 

The examination of the growing end of the stem shows as 
how the process of apical growth is carried on in a complb* 
cated plant likci the fern. The apical cell is continually 
undergoing fission, forming a succession of segmental cells ; 
these divide and form the apical meristem, which is thus 
being constantly added to at the growing end by the forma- 
tion and subsequent fission of new segmental cells : in this 
way the apex of tlie stem is continually growing upwards or 
forwards. iJut at the :^ame time the meristem cells farthest 
from the aj)ex begin to differentiate : some elongate but 
slightly, increasing greedy in size, and become parencdiyma 
cells : others by elongation in the direction of length of the 
stem and by thickening and lignification of the cell-wall 
become sclerenchyma c'clls : others again elongate greatly, 
become arranged end to end in longitudinal rows, and, by 
the loss of their protoplasm and of the transverse partitions 
between the cells of each row, are converted into vessels — 
spiral or scalariforrn according to the character of their walls. 
Thus while the e])idermis, parenchyma, and sclerenchyma 
are formed of cells, the spiral and scalariforrn vessels are cell- 
fusio 7 is^ or more accurately cell-wall-fusions, being formed by 
the union in a longitudinal series of a greater or less number 
of cell-walls. It will be remembered that the muscle-plates 
of Polygordius are proved by the study of development to be 
cell-fusions (p. 302). 

We thus see that every cell in the stem of the fern was 

K K 2 
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once a cell in the apical meristcin, that every vessel has 
arisen by the concrescence of a number of such c^lls, and 
that the meristem cells themselves are all derived, by the 
ordinary process of binary fission, from the apical cell. In 
this way the concurrent processes of cell-division, cell- 
differentiation, and cell-fusion result in the production of 
the various and complex tissues of the fully-formed stem. 

The leaves vary greatly in form in the numerous genera 
and species of ferns : they may consist of an unbranched 
slalk bearing a single expanded green blade: or the stalk 
may be more or less branched, its ramifications bearing the 
numerous subdivisions of the blade, or p'uuuiles. 

I'he anatomy of the leaf, like that of the stem, can be 
readily made out by a rough dissection. The leaf-stalk and 
its branches have the same general structure as the stem, 
consisting of parenchyma coated externally with epidermis 
and strengthened internally by vascular bundles, which are 
continuous with those of the stem. But the blade, or, in the 
case of a compound leaf, the pinna, has a different and quite 
peculiar structure. It is invested by a layer of epidermis 
which can be readily stripped off as an extremely thin, colour' 
less membrane, exposing a soft, green substance, the leaf- 
parenchyma or mesophylL The leaf is marked externally by 
a network of delicate ridges, the vei?is ; these are shown by 
dissection to be due to the presence of fine white threads 
which ramify through the mesophyll, and can be proved by 
tracing them into the leaf-stalk to spring from its vascular 
bundles, of which they are in effect the greatly branched 
distal ends. 

Microscopic examination shows the epidermis of the leaf 
(Fig. no, K, ep and l) to consist of flattened, colourless cells 
of very irregular outline and fitting closely to one another like 
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the parts of a child’s puzzle. Among them are found at 
intervals j)airs of sausage-shaped cells {gd. c) j)laced with 
their concavities towards one another so as to hound a 
narrow slit-like aperture (x/). These apertures, wHicL are 
the only intercellular spaces in the epidermis, are called 
stomaies : the cells bounding them are the guaj'd-cells^ and 
are distinguished from the remaining epidermic cells by the 
possession of a fe\v' chromatophores. 

T'he mesoj)hyll, which as we have seen occupies the whole 
space between the upper and lower epidermis, ’s formed of 
thin-walled cells loaded with chromatophores (k, ms.ph) and 
therefore of a dei'p green colour. 'The cells in contac't with 
the upper ei)idenriis are cylindrical, and are arranged verti- 
cally i]i a single row : those towards the lower surfat'e are 
very irregular both in form and arrangement. Large inter- 
cellular spaces (/. c. sp) o('cur between the mesoph)ll-('ells 
and communicate with the outer air through the stomates. 

ITie leaves arise as outgrowths of the distal or growing 
end of the stem, each originating from a single segmental 
cell of the apic'al cone. 

II1C fern is the hrst plant we have yet considered which 
possesses true roots, the structures so-called differing funda- 
mentally from the simple rhizoids of Nitella and the mosses. 
Instead of being mere linear aggregates of cells, they agree 
in general structure with the stem from which they spring, 
consisting of an outer layer of epidermis within which is 
parenchyma strengthened by bands of s('lerenchyma and by 
a single vascular bundle in the middle. The epidermic ( clls 
give rise to unicellular prominences, the root-hairs. 

The apex of the root, like that of the stem, is formed ol 
a mass of meristem in which a single wedge-shaped apical 
cell (Fig. no, m, ap. c) can be distinguished Ikit instead 
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of the base of this eeli forming the actual distal extremity, 
as in the stem (compare c), it is covered by several layers of 
cells which constitute the 7 'oot-cap (r. cp). In fact the apical 
cell of the root divides not only by planes parallel to its 
three sides, but also by a plane parallel to its base, and in 
this way produces not only three series of segmental cells 
{seg. c) which afterwards subdivide to form the apical 
meristem, but also a series of cap-cells (rp. c) which form a 
protective sheath over the tender growing end of the root as 
it forces its way through the soil. 

Roots are also peculiar in their development. Instead of 
being, like leaves, prominences of the superficial tissues of 
the stem, they arise from a layer of cells immediately ex- 
ternal to the vascular bundles, and in growing force their 
way through the superficial portion of the stem, through a 
fissure from whii'h they finally emerge, 'i'hey are thus said 
to be endogenous in origin while leaves are exogenous. 

The nutrition of ferns is carried on in much the same 
way as in mosses (see p. 408). Judging from the analogy of 
flowering ])lants it would seem that the ascending current o( 
water from the roots passes mainly through the xylem of the 
vascular bundles, while the descending current of nitrogenous 
and other nutrient matters for the supply of the colourless 
cells of the stem and roots passes ('hiefly through the phloem 
and especially through the sieve-tubes. The absorption of 
water is effected by the root-hairs. 

In the autumn there are found on the under surfaces of 
the leaves brown patches called soni, differing greatly in 
form and arrangement in the various genera, and formed of 
innumerable, minute, seed-like, bodies, the sporangia (Fig. 
Ill, a), just visible to the naked eye. Each sorus or group 
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of sporangia is covered by a fold of the epideriias of the 
leaf, called the indusiu 7 /i. 

A sporangium is attached to the leaf by a multicellular 
stalk {st)^ and consists of a sac resembling two watch^gbsses 
placed with their concave surfaces towards one another and 
their edges united by a thick rim (an). The sides an* 
I’ormed of thin flattened cells with irregular outlines, the 
rim or (ninuhis of peculiarly shaped ceUs which are thin and 
broad at one edge (to the left in a), but on the other (to the 
right) are thick, strongly lignified, and of a yellowish-brown 
colour. The whole internal cavity is filled with spores 
(n, sp\ having th(‘ form of tetrahedra with rounded edges, 
and each consisting of protoplasm containing a nucleus, and 
surrounded by a double wall of cellulose. A spore is there- 
fore, as in mosses, a single cell. 

Each sporangium udses from a single epidermic cell of 
the leaf. This divi !c.: repeatedly so as to form a solid mass 
of cells, of which the outermost become the wall of the 
sporangium while the inner are the spore -mother-cells. The 
latter divide each into four spores, as in mosses (p. 407V 

As the spores rij)en, the wall of the sporangium dries, and 
as it does so the thickened ])art of the annulus straightens 
out, tearing the thin cells and producing a great rent through 
which the sfiores escape (u). 

When the spores arc sown on moist earth they germinate, 
the protoplasm, covered by the inner coat, protruding 
through the ruptured outer coat (c, sp) in the form of a 
short filament. This divides transversely, forming two cells, 
the proximal of which scxids off a short rhizoid (r//). 'bhe 
resemblance of this stage to the young protonema of a moss 
is sufficiently obvious (see Fig. 109, d^, p. 406). 

Further cell-division takes place, and before long the 



Fig. III. — Reprocluciion and Development of P'erns. 

A, .Sporangium of Pteris, external view, showing stalk {st) and 
annulus [an'). 

B, the same, during dehiscence, the spores {sf) escaping. 

c, a germinating spore, showing the ruptured outer coat {sp), and a 
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rhizoid {rh) springing from the proximal cell of the nulimentary (two- 
celled) prothalUis. 

1), a young prothallus, showing spore, rhizoid, ap'c.d cell {ap, 
and segmental cells {seg. < ). 

E, an advanced prothallus, from beneath, showing rhlzoitb, \rh), 
ovaries {ovy), and s})ermaiies {spy). 

F, a mature spermary of Ftctis, inverted (/>. wulh its distal end 
directed upw'ards) sc as to compare with Fig. 109, A. 

(I, a single siierm, showing coiled body and numerous c ilia. 

H, a mature ovary of Aspidhtm.^ inverted so as to coiujiare with Fig. 
109, showing venter (?’), neck (/d; ovum {ov), and canal cells {cn. c). 

r, sm.Jl portion of a prothallus of Asplcniuni in vertical section, 
showing the venter (zd and pari of the neck {n) of a single ovary after 
fertilisation. The venter contains an embryo just passing from the 
polyplast into the phyllula stage, and divided into four gre ips of cells, 
the rudiment.^ respectively of the fool (y/), stem (,>/;, root (; 7 ), and 
cotyledon {ct). 

K, vciii al section of a ])rothal]us {prt/i) of Au'pJiroPpi.s\ bearing 
rhizoids (r//), and a single ovary with greatly dilated venter (zd itnd 
withered neck (;/). Tlie venter contains an embryo in the phyllula 
stage, consisting of foot ( /?), rudiments of stem (r/*), and root (/'/), and 
cotyledon {(t) beginning lo grow n])w\ircls. 

L, prothallus iprl/i) with rhizoids {rh), bearing a young fern-ip 1 an(, 
consisting of foot (//), rudiuicnt of stem (r/), first root (r/), cotyledon 
(r/), and first ordinary lei i (After Howx's. ) 

distal cells divide longitudinally, a leaf-like body being 
produced, which is called the profha/liis (d). I'his is at first 
only one layer of cells thh'k, but it gradually increases in 
size, becoming more or less kidney-shaped (e), and as it 
does so its cells divide parallel to the surface, making it two 
and finally several cells in thickness. "J'hus the prothallus is 
at first a linear, then a superficial, and ultimately a solid 
aggregate. Root-hairs (p'h) are produced in great number 
from its lower surface, and penetrating into the soil serve 
for the absorption of nutriment. At an early period a two- 
sided apical cell (d, af. c) is differentiated, and gives off 
segmental cells {seg. c) in the usual way : an abundant 
• formation of chromatophores also takes place at a very early 
period in the cells of the prothallus, which thcTefore re- 
sembles both in structure and in habit some very simple 
form of moss. 
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On the lower surface of the prothallus gonads (e, spy^ ovy) 
are developed, resembling in their essential features those of 
mosses. The spermaries ispy^ make their appearance first, 
being frequently found on very young prothalli. One of the 
lower cells forms a projection which becomes divided off by 
a septum : further division takes place, resulting in the 
differentiation (f) of an outer layer of cells forming the wall 
of the spermary, and of an internal mass of sperm-mother- 
cells in , each of whic:h a sperm is produced. The sperm (o) 
.^js a cotkscrew-like body, probably formed from the nucleus 
of the cell, bearing at its narrow end a number of cilia which 
appear to originate from the protoplasm. To the thick end 
is often attached a globular body, also arising from the proto- 
plasm of the mother-cell; this is finally detached. 

The ovaries (r: and H, 07 y) are not usually formed until 
the prothallus has attained a considerable size. Each arises, 
like a spermary, from a single cell cut off by a septum from 
one of the lower cells of the prothallus : the cell divides and 
forms a structure resembling in general characters the ovary 
of a moss (see Fig. 109, u, p. 406), except that the venter (h, 
7 )) is sunk in the jirothallus, and is therefore a less distinct 
structure than in the lower type. As in mosses, also, an 
axial row of cells is early distinguished from those forming 
the wall of the ovary : the proximal of these becomes the 
ovum {(w), the others are the canal-cells (cn. c), which are 
converted into mucilage, and by their expansion force open 
the neck and make a clear passage for the sperm. 

The sperms swarm round the aperture of the ovary and 
make their way down the canal, one of them finally c:onju- 
gating with the ovum and converting it into an oosperm. 

The early stages in the development of the embryo 
remind us, in their general features, of what we found to 
occur in mosses (p. 405). The oosperm first divides by a 
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plane parallel to the neck of the ovary, forming two cells, an 
anterior nearest the growing or dish 1 end of the prothallns, 
and a posterior towards its proximal end. Each of these 
divides again by a plane at right angles to the first, >he. e 
being now an upper and a lower anterior, and an upper and 
a lower posterior cell : the lower in each case being that 
towards the downwaidly directed neck of the ovary. P2ach 
of the four cells undergoes fission, tlie embryo then consist- 
ing of eight cells, two upper anterior (right and lett), two 
lower anterior, two upper posterior, and two lower posterior. 
We thus get a multicellular but undifferentiated stage, the 
polyplast 

It will be remembered that in mosses the polyplast forms 
an apical cell, and develops directly into the s])orogonium 
(j). 405). In the fern the later stages are more complex. 
One of die ujiper antenor cells remains undeveloped, the 
other (Eg. n i, i and iv, sf) takes on the form of a wedge- 
shat)ed apical cell, and, dividing in the usual way, forms a 
structure like the apex of the fern-stem, of which it is in fact 
the rudiment. The two upper posterior cells divide and 
subdivide, and form a multic'ellular mass called (//), 

which becomes embedded in the prothallus, and serves the 
growing embryo for the absorption ol nutriment. One of 
the lower j)osterior cells remains undevelojied, the other (/'/) 
takes on the form of the aj)ical cell of a root, />., of a wedge- 
shaped cell, which not only produces three sets of segmental 
cells from its sides but also cap-cells from its base (p. 422) : 
division of this cell goes on very rapidly, and a primary root 
is iwodiK'.ed which at once grows downwards into the soil. 

• f'inally the two lower anterior cells undergo rapid fission, 
arid develop into the first leaf of the embryo, called the 
cotyledon (ct), which soon begins to grow upwards towards 
the light. 



428 


KERNS 


LESS. 


7I1US at a comparatively early stage of its development 
the fern-embryo has attained a degree of differentiation far 
beyond anything which occurs in the moss-embryo. The 
scarcely differentiated polyplast has passed into a stage 
which may be called the phyl/ula^ distinguished by the 
possession of those two characteristic organs of the higher 
plants, the leaf and root. 

Notice how early in development the essential features of 
animal or plant manifest themselves. In Polygordius the 
polyplast is succeeded by a gastrula distinguished by the 
possession of a digestive cavity : in the fern no such cavity 
is formed, but tlie polyplast is sucx'eeded by a stage dis- 
tinguished by tile jiossession of a leaf and root. In the 
one case the characteristic organ for holozoic, in the other 
the characteristic organs for holojihytic nutrition make their 
appearance, and so mark the embryo at once as animal 
or plant. \\V‘ may say then that while the oosperm and 
the polyplast stages of the embryo are common to the 
higher plants and the higher animals, the correspond- 
ence goes no further, the next step being the formation 
in the animal of an enteron, in the plant of a leaf and 
root. Ill other words the phyllula is the correlative of the 
gastrula. 

The cotyledon increases rapidly in size, and emerges 
between the lobes of the kidney-shaped prothallus (j.) : the 
root at the same time grows to a considerable length, the 
result being that the phyllula becomes a very obvious 
structure in close connection with the prothallus, and indeed 
appearing to be part of it. The two are actually, however, 
(piite distinct, their union depending merely u})on the fact • 
that the foot of the phyllula is embedded in the tissue of 
the prothallus like a root in the soil. Hence the phyllula 
is related to the prothallus in precisely the same way as the 
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sporogonium to the moss i>lant (compare Fig. in, k:, with 
Fig. 109, c^, and Fig. in, l, with F'g. 109, er*). 

The rudiment of the stem (l, st) continues to grow by the 
production of fresh segments from its apic'al cell : leaves (/) are 
developed from the segments, and giow iip wards parallel with 
the cotyledon. 'Vhe leaves first formed are small and 
simple in structure, but those arising later become succes- 
sively la^-ger and more complicated, until they finally attain 
the size and conijilexity of the ordinary leaves of the fern. 
In the meantime new roots are formed and the primary root 
ceases to be distinguishable ; the cotyledon, the foot, and 
tlie prot^nllus wither, and thus the phyllula, by the successive 
formation of new jiarts from its constantly growing stem, 
becomes a fern-plant. 

We see that the life-history of tlie fern resembles in 
essentials that of the moss. In both, alternation of genera- 
tion occurs, a gamobium or sexual generation giving rise, by 
the conjugation of ovum and sperm, to an agamobium or 
asexual generation, which, by an asexual process of spore- 
formation, jirodiu’es the gamobium. But in the relative 
proportions of the two generations the difference is very great. 
^Vhat we know as the moss })lant is the gamobium, and the 
agamot)ium is a mere spore-producing structure, never getting 
beyond the stage of a highly differentiated polyplast, and 
dependent throughout its existence upon the gamobium, to 
which it is permanently attached. What we know as the 
fern jilant is the agamobium, a large and complex structure 
dependent only for a brief period of its early life upon the 
small and insignificant gamobium. Thus while the gamobium 
is the dominant phase in the life-history of mosses, the 
agamobium appearing like a mere organ, in ferns the 
positions are more than reversed — the agamobium may 
assume the proportions of a tree, while the gamobium is so 
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small that its very existence is unknown to a large propor- 
tion of fern-collectors. 

It follows from what has just been said that the various 
orgafis of a fern do not severally correspond with those of a 
moss. d"he leaves of a moss are not homologous with those 
of a fern, but are rather comparable to lobes of the pro- 
thallus : in the same way the rhizoids of a moss correspond, 
not with the complicated roots of the fern, but with the 
rhizoids of the prothallus. 



LESSON XXXII 

THK riTTEF 01 VISIONS OF THE VF:GETARLE KINGDOM: 

KQUISF/rUM : SAFVINIA : SKl.ACUNKLLA 

In the 26th Lesson (p. 320) it was pointed out that a 
thorougli comprehension of the structure and development 
of Polygordius would (mable the student to understand the 
main features of the organisation of nil the higher animals. 

In the same way the study of the fern paves the way to 
that of the higher groups of plants, all of which, indeed, differ 
far less from the fern than do the various animal forms ('on- 
siderc'd in Lessons XXVI XXIX from Polygordius. We 
saw that the differenc'es between these included matters of 
such importanc e as the presenc:e or absence of segmentation 
and of lateral appendages, the characters of the skeleton, 
and the structure and position of the nervous system. In 
the higher plants, on the other hand, the essential organs — 
root, stem, and leaves — are, save in details of form, size, cVc., 
practically the same in all : the tissues always consist of 
epidermis, ground-parenchyma, and vascular bundles, the 
latter being divisible into phloem and xylem : the growing 
point both of stem and of root is formed of meristem, from 
which the permanent tissues arise ; and the growing point of 
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the root is always protected by a root-cap, tliat of the stem 
being simply over-arched by leaves. Moreover, an alterna- 
tion of generations can be traced in all cases. 

Plants may be conveniently divided into the following 
chief groups or phyla : 

T. 

2. /7/;<iy/. 

3. Aluscincic. 

4. Wiscular Cryptoi::;ams. 

a. Filicinie. 

b. Equisetacere. 

c'. Ivycopodineai. 

5. ]Via 7 ieroga? 7 is. 

a. Clymnosperms. 

b. Angiosperms. 


d'he AlgiC are the lower green plants. They may be 
unicellular, or may take the form of linear, superficial, or 
solid aggregates : they never exhibit more than a limited 
amount of cell-differentiation, d'his group has been repre- 
sented in the foregoing pages by Zooxanthella, Diatoms, 
Vaucheria, Caulerpa, Monostroma, Ulva, and Nitella. 

The Fufigi are the lower plants devoid of chlorophyll : 
some are unicellular, others are linear aggregates : in none 
is there any cell-differentiation worth mentioning. Saccharo- 
myces, Mucor, Penicillium, and the mushroom belong to 
this group. 

The position of some of the lower forms which have come 
under our notice is still doubtful. Bacteria, for instance, 
are considered by some authors to be Fungi, by others Algae, 
while others place them in a group ajiart. Diatoms also are 
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sometimes placed in a distinct group. It must, moreover, 
be remembered that most botanists include Hcematococcus, 
Pandorina, and Volvox among Algae, and place the l^Iyce- 
tozoa either aUiOng Fungi or in a separate group of chloro- 
phyll-less plants (p. i8i). 

The Muscineic are the mosses and liverworts, the former 
of which were fully described in Lesson XXX. 

The Vascular Cryptogam:^ arc flowerless plants m which 
vascular bundles are present. 'Fogether with the Phanero- 
gams they constitute what arc known as vascular plants, in 
contradistinction to the non- vascular Algae, Fungi, and 
Muscin-^ce, in which no formation of vessels takes place. The 
group contains three subdivisions. 

The first division of Vascular Cryptogams, the Filichur, 
includes the ferns, an nccount of which has been given in 
the previous lesson^ It will be necessary, however, to devote 
some attention to an ac|uatic form, called Salvinia^ which 
differs in ('ertain important particulars from the more familiar 
members of the group. 

The Equisetaceu' include the common horsetails (genus 
Egiiisetiim), a brief account of which whll be given, as they 
form an interesting link in their reproductive processes 
between the ordinary ferns and Salvinia. 

The Lycopodincic^ or club-mosses, are the highest of the 
Cryptogams or flow erless plants. A short description of one 
of them, the genus Se/agiueHa, will illustrate the most 
striking peculiarities of the grou[). 

The Phanerogams^ or flowna'ing plants, are so called from 
tlie fad that their reproductive organs take the form of 
specially niodifi^ shoots, called cones or flow'crs, 'fhey arc 
sometimes called by the more appro[)riate name of Sperma^ 
phyfeSj or seed-plants, from the fact that they alone among 
plants reproduce by means of seeds structures which differ 

F F 
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from spores in the hict that each contains an embryo plant 
in the phyllula stage. 

I'hc Gynmosfcriiis^ or naked-seeded Phanerogams, include 
the cone-bearing trees, such as j)ines, larches, cypresses, &c., 
as well as cycads and some other less familiar forms. A 
general account of this group will be given. 

The Angiospeims, or covered-seeded Phanerogams, include 
all the ordinary flowering plants, as well as suc'h trees as 
oaks, elms;j^, ])qplars, chestnuts, cK:c. A brief descri])tion of 
gefieral features of this group will conclude the Lessons. 

IVOIUSKTITM 

The horsetails are common British plants found usually 
in moist or marshy situations, and reaching a height of 
I to 3 feet. 

The plant consists of a branched underground stem or 
rhizome, lateral branches of whi('h grow vertically upwards, 
and constitute the aerial shoots. Both stem and branches 
have a very characteristic appearance : they are distinctly 
segmented or divided into nodes and internodes, and from 
each node springs a crown-like structure or leaf -sheath 
(Fig. I J 2, A, and Fig. 1 1 3, a, L sh), formed by a whorl of 
leaves united into a continuous structure. In some cases 
the aerial shoots also give rise to secondary shoots (log. 112, 
A, sh), arranged in whorls and apparently arising below the 
leaves : actually, however, they originate in axillary buds, as 
in Nitella, but, instead of growing out between the stem and 
the leaf, perforate the base of the latter. 

The internodes of both rhizome and aerial shoots are 
hollow, each having a large axial air-cavity (Fig. 112, B, e^) 
extending throughout its whole length, and formed by the 
disintegration of the central parenchyma-cells of the young 
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stem. At each node is a transverse' f)artition separating the 
internodal spaces from one another. Around the central 
cavity, and corresponding with the longitudinal ribs widi 
which the stem is marked, i;: a series of smaller air-cavities 
(^2), arranged in a circle, and alternating with these, hetwuc n 



Fig. 1 12 . -A, portion of aciial shoot of Kquisetiim, showinjj; a no'Ie 
(;j-A fmin which arise a Icaf-sheath (/. and a whorl of second iiy 
shoots {sh). (Nat. size.) 

n, transverse section of aerial shoot, showing central (« p and peri- 
pheral (d-) air-cavities, and ring of vascular 1 .indies with smaller air- 
cavities (c'b. (X 2 . ) 

c, a single sporophyll {sp. ph) withsialk (a/) and spjorangia 

(X lo.) 

D, a single spore showing coiled elater {el), 

E, the same, with elater {cl) e.\panded. 

(a~c, after Goebel ; D and K, after Lc Maout and Decaisne. ) 


them and the central cavity, are the vascular bundles {v. //•), 
each with a small air-cavity (c') in its inner or central 
portion. 

The microscopic structure of the plant agrees in essential 
respects with that of the fern, though differing in many 
details to which no further reference need be made here. 


V P 2 
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Each axis — rhizome and shoots — terminates in a tetrahedral 
apical cell. 

As, in ferns, there is no primary root in the adult, but 
numerous roots spring from the nodes of the rhizome, and 
agree in all essential points of structure and development 
with those of ferns. 

Some of the aerial shoots bear only leaf-sheaths and 
branches, and are hence called sterile shoots : others, the 
fertile shoots^ terminate in a cone-like structure (Fig. 1 13, a ), 
Sbmllf of hexagonal scales at first closely applied 

to one another at their edges, but afterwards becoming 
separated. Each scale (Fig. 112, c, and Fig. 113, n, sp.ph) 
is a mushroom-like body, springing from the axis of the cone 
by a stalk {sf) attached to the centre of the inner surface of 
its expanded portion. Around the point of attachment of 
the stalk spring from five to ten elongated sacs, the sporangia 

(w)- 

Fhe structure and development of these mushroom-like 
bodies or scales of the cone show them to be peculiarly 
modified leaves, developed in whorls like the ordinary leaves 
of the stem, but not cohering into sheaths, and assuming 
the characteristic form just described in relation with their 
special function of bearing the sporangia. We have there- 
fore to distinguish, in Equisetum, between ordinary or 
foliage-leaves and spore-bearing leaves or sporophylls. 

The spores are developed in the same way as in mosses 
and ferns, but have a very distinctive structure. Outside 
the usual double cell-wall is a third coat, which, as develop- 
ment proceeds, becomes split up into four bands (Fig. 112, 
D, E, d’/), wound .spirally round the spore and attached to it 
by one end, the opposite expanded end being free. These 
bands or elaters are hygroscopic : when moist they are coiled 
round the spore (n), when dry they straighten themselves 
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and stand out separately from its surface (k). The spores 
become entangled by their elaters, by the coiling and un 
coiling of which they are able to execute slight movements. 



Fig. 1 13. Kepnxluclion and Development of Eqnisein?/i. 

A, distal end of a fertile shoot, showing two leaf-sheaths (/. sh)^ and 
the cone formed of hexagonal s])orophylls (.?/.///). (Nat. size.) 

B, diagrammatic vertical section of a portion of the cone, showing the 
sporophylLs isp.ph) attached by short stalks to the axis of the cone, and 
bearing sporangia (.'As) their inner surfaces. 

c, a male prothallus bearing three spermaries {spy), ( x 100.) 

I), ]iortion of a female prothallus bearing three ovaries ((^y), those to 
the right and left containing ova, that in the middle a polyplast ; 7 'Ji^ 
rhizoids. ( x 30.) 

(a, after Le Maout and Decaisne ; c and D, after Hofmeistcr. ) 

The spores are liberated by the bursting of the sporangia, 
,And germinate, giving rise to prothalli. lUit instead of the 
^rothalli being all alike in form and size and all moncecious, 
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some (c) remain small and simple, and produce only 
spermaries {sfy ) ; others (r)) attain a complicated form and 
a length of over a centimetre, and produce only ovaries 
{ovy)% Thus although there is no difference in the spores, 
the prothalli produced from them are of two distinct kinds, 
the smaller being usually exclusively male, the larger female. 

'rhe oosperm develops in much the same way as in ferns; 
it divides and forms a polyplast, which, by formation of a 
stem, root, foot, and two cotyledons, becomes a phyllula 
and grows into the adult plant. 

As in the fern, the Kquisetum plant, reproducing as it 
does by asexual spores, is the agamobium, the gamobium 
being represented l)y the prothallus. 'I'he peculiarity in the 
jiresent case is that the gamobium is sexually dimorphic, 
some prothalli producing only male, others only female 
gonads. 


Salvinia 

Salvinia is a small fresh-water plant, found floating, like 
duckweed, on the surface of still water, 

ddie stem (log. j 14, sf) is an elongated slender rhizome; 
floating at or near the surface, and distinctly divided into 
nodes and internodes. Each node gives off three appen- 
dages, two broad, flat foliage-leaves (/ /. 1--3 ; / /, t-3'), 
which lie above the surface of the water, and a branched 
structure {s. L 1-3) which has all the appearance of a root, 
its thread-like branches hanging down into the water and 
being covered with hairs. The study of their develoj)ment 
shows, however, that these organs arise exogenously from 
the node and have no root-ca]> : they are, in fact, not roots, 
but submerged Iea7^es, performing the function of roots. 
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The latter organs are, quite exceptionally among the higher 
plants, wholly absent. 

The stem ends clistally in a terminal bud (A /v/), the 



Kii). 114.— Dislnl poition of a Salviiiia plant seen oblicpicly from 
below. • 

The stem (.r/) ends in a terminal bud (/. dd), and the ])art figured 
contains three nodes, each bearing a pair of foliage-lcn ves { /'. 1. 1-3, 
/. /. und a much-divided root-like submerged leaf (j. /. 1-3). 

On the bases of the submerged leaves are borne groups of sori (re), 
containing sporangia. (Slightly enlarged.) 

(From Vines, alter Sachs.) 

growing point of which is formed by a two-sided apical cell ; 
it is traversed by a single vascular bundle, which sends 
branches into the leaves. 
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Springing from the bases of the submerged leaves are 
numerous globular capsules (so), each containing a number 
of sporangia. The wall of the capsule (Fig. 115, a) corre- 
sponds with the indusium of a fern, and the contained group 
of sporangia with a sorus. But the sori of Salvinia, unlike 
those of ordinary ferns, arc dimorphic, some containing a 
comparatively small number of large sporangia 
others a much larger number of small ones (;///. The 

larger kind, distinguished as megasporangia^ contain each a 
single large spore, or wegaspo?r : the smaller kind, or minv- 
sporangia^ contain a large numl>cr of minute spores, like 
those of an ordinary fern, and called viicrosporcs. It is this 
striking dimorphism of the sori, sporangia, and spores which 
forms the chief distinction between Salvinia and its allies 
and the true ferns. 

When ripe the sporangia become detached and float on 
the surface of the water. The microspores germinate (?>), 
while still enclosed in their sporangium : each sends out a 
filament, which protrudes through the wall of the micro- 
sporangium, its extremity (spy) becoming separated off by a 
septum and then divided into two cells. "J'he protoplasm 
of each of these divides into four sperm-mother-cells, and 
from these spirally-twisted sperms are produced in the usual 
manner. It is obvious that the two cells in which the 
sperms are developed represent greatly simplified spermaries : 
the single proximal cell {prth) of the filament arising from 
the microspore, a still more simplified prothallus. Both 
prothallus and .spermaries are vestigial structures ; the pro- 
thallus is microscopic and unicellular instead of being a 
solid aggregate of considerable size, as in the two preceding 
types ; each spermary forms only four sperm-mother-cells, 
and the total number of sperms is therefore reduced to 
eight. 
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The contents of the inegaspore are divisihle into a com- 
paratively small mass of protoplasm at one end, and of starch 
grains, oil-globules, and proteid bodies, which fill up the rest 



Fio. 1 15 — Reproduction and Development of Samnia. 

A, portion of a submerged leaf, showing three sori in vertical section, 
two containing microsporangia {mi. and one megasporangia {mj^-. 

(x 10.) 

B, a germinating microsporc {mi. showing the vestigial prothalhis 

(/;///) and its two spcrmarics {s/j'). ( x 150.) 

c, diagrammatic vertical section of a germinating megaspore, showing 
the outer (^4**. .?/) and inner (wg. j/') coats of the spore, and its cavity 
(<•) containing plastic products, separated by a septum (r?) from the pro- 
thallus (/?'///), in which two ovaries (ovj/) are shown, that to the left 
containing an ovum, that to tlie right a polyplast. ( x 50.) 

D, megaspore s/>) with prothallus {prth) and phyllula just begin- 
ning to develop into the leafy ]dant : j/, stem ; ct^ cotyledon ; and /, 
outermost leaf of the terminal bud. ( x 20. ) 

(a and B, after Sachs; D, after Pringsheim.) 


(c, c) of the spore. The megaspore has, in fact, attained its 
large size by the accumulation of great quantities of jilastic 
products, which serve as nutriment to the future prothallus 
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and embryo, after the manner of the yolk in the eggs of the 
crayfish and dogfish. 

The protoplasm of the megas])ore (c) divides and forms a 
proth^illus {prth) in the form of a three-sided multicellular 
mass projecting from tlie spore, which it slightly exceeds in 
size. Three ovaries (cf'r) arc formed on it, having much 
the same structure as in ordinary ferns : if neither of these 
should be fertilised others are developed subsequently. 
Thus the reduction of the prothallus produced from the 
megaspore, although obvious, is far less than in the case of 
that arising from the microspore. 

We see that sexual dimorphism has gone a stej) further in 
Salvinia than in Ectuisetum : not only are the prothalli 
differentiated into male and female, but also the spores from 
which they arise. 

Impregnation takes place in the usual way, and the 
oosperm divides to form a polyjilast, which, by differentiation 
of a stem-rudiment, a cotyledon, and a foot, passes intofhe 
phyllula stage : no root is developed in Salvinia. By the 
gradual elongation of the stem (d, s/) and the successive 
formation of whorls of leaves (/), tlie adult form is assumed. 

Thus the life-history of Salvinia resembles that of the 
fern, but with two important differences : the spores are 
dimorphic, and the gamobium, rej)resented by the male and 
female prothalli, is greatly reduced. 

Selaginei.t.a 

Selaginella, one of the club-mosses, is common on hill- 
sides in many parts of the world. In the commoner species 
there is a creej)ing stem which forks repeatedly in the hori- 
zontal plane, and bears numerous small, close-set leaves, 
giving the whole plant much the appearance of a moss. 
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The leaves (Fig. 1 1 6 , a) arise in four longitudinal rows, 
but, owing to the horizontal po.dtion of the plant, the two 
rows belonging to the lower side {l'^) project laterally, and 



Fic, Il 6 . — A, distal end of a shoot of 'Jclaginclla, sliowing the two 
rows of small dorsal leaves (/*), the two laterally placed rows of ventral 
leaves (/-), and the terminal cone (r). (Nat. size.) 

B, a microsporangium bursting to allow of the escape of the micro- 
spores (w/. sp). 

c, a megasporangium, with four megaspores (w^. sp). 

(a, after Sachs ; B and c, after Fe Maout and Decaisne. ) 


are many times larger than the two upper rows (/’). Each 
leaf bears on its upper or distal surface, near the base, a 
small process called a 

The stem usually ends in a two- or three-sided apical 
cell, from which segments are cut off to form the ajiical 
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meristem, but in some species no apical cell can be distin- 
guished. There are from one to three vascular bundles 
running through thC stem, each surrounded by a ring of 
small ^ir-cavities : from them a single bundle is given off to 
each leaf. The presence of vascular bundles and of a well- 
marked epidermis is enough to distinguish our present type 
from the mosses, to which it bears a superficial resemblance. 

The peculiar forked branching is due to the development 
of lateral branches alternately on each side of the stem. The 
roots arise from peculiar leafless branches, sometimes mis- 
taken for true roots. 

The branches terminate in cones (Fig. 1 1 6 , a, c, and Fig. 

1 1 7, a) formed of small leaves //^), which overlap in 
som^wimt the same way as the scales of a pine-cone. Each 
of these leaves is a sporophyll, and bears on its upper or distal 
side, near the base, a globular sporangium. The sporangia 
are fairly uniform in size, but some are megasporangia 
(Fig. 1 1 6, c, and h'ig. iiy, a, and contain usually 

four megaspores; others are microsporangia (Ing. ii6, J^, 
and Fig. 117, a, mi. containing numerous microspores. 

The microspore (Fig. 1 17, p>) cannot be said to germinate at 
all. Its protoplasm divides, forming a small cell {prth\ which 
represents a vestigial prothallus, and a large cell, the repre- 
sentative of a spermary. The latter {spy) undergoes further 
division, forming six to eight cells in which numerous sperm- 
mother-cells are developed. The sperms are finally liberated 
by the ru})ture of the coats of the microspore. 

A similar but less complete reduction of the prothallus is 
seen in the case of the megaspore (c). Its contents are 
divided, as in Salvinia, into a small mass of protoplasm at 
one end, and a large quantity of plastic products filling up 
the rest of its cavity. The protoplasm divides and forms a 
small prothallus (prt/i). and a process of division also takes 
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place in the remaining contents {prth^) of the spore, pro- 
ducing a large-celled tissue, the secondary prothallus. 

By the rupture of the double cell-wall of the megaspore 



Fig. 1 1 7 , — Reproduction and Development o{ Selaginella. 

A, diagrammatic vertical section of a cone, consisting of an axis bear- 
ing closc-set sporophylls {sp. ph)^ on the bases of which microsporangia 
{mi. spg) and megasporangia {mg. spg) are borne. 

B, section of a microspore, showing the outer coat {mi. pp), prothallial 
cell {pri/i), and multicellular sperm ary {spjy). 

c, vertical section of a megaspore, the w all of which {mg. sp) has been 
burst by the growth of the prothalfus {pr/ii) : its cavity {prth^) contains 
a large- celled tissue, the secondary prothallus : in the prothallus are 
three ovaries {o7’y)y that to the loft containing an ovum, that to the right 
an embryo {emb) in the polyplast stage, and that in the centre an embryo 
in the phyllula stage, showing stem-rudiment (r/), foot (/), and two 
cotyledons {cf) : both embryos are provided with suspensors (dotted) 
{spsr), and have sunk into the secondary prothallus. 

(Altered from Sachs.) 

the prothallus is exposed to the air, but it never protrudes 
through the opening thus made, and is, therefore, like the 
corresponding male structure, purely endogenous. One or 
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nwrc ovaries (ovy) are formed on it, each consisting of a 
short neck, an ovum, and tw'o canal-cells afterwards con- 
verted into mucilage : there is no venter, and the neck con- 
sists of* only two tiers of cells. 

The oosperm divides by a plane at right angles, to the 
neck of the ovary, forming the earliest or two-celled -stage of 
the polyplast. The upper cell undergoes further division, 
forming an elongated structure, the suspensor (spsr ) : the 
lower or embryo proper {emh) is forced downwards into the 
secondary prothallus by the elongation of the susj)ensor, 
and soon passes into the phyllula stage by the differentiation 
of a stem-rudiment isf), two cotyledons (r/), a foot (/), and 
subsequently of a root. 

A further reduction of the gamobium is seen in Selagi- 
nella : both male and female prothalli are cjuite vestigial, 
never emerging from the spores : and tile spermary and 
ovary are greatly simplified in structure. 
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'J'he commonest (iymnospcrms are the evergreen cone- 
bearing trees such as ])ines, spruces, larches, cypresses, and 
yews. They all have a primary axis or from which 

branches arise in a monopodial manner, the oldest are 
near the proximal, the youngest near the distal end. 'Lhe 
branches give off, in t acc'essive seasons, branches of a higher 
order, so that the older or lower braiKiies are always them- 
selves more or K'ss extt‘nsively ramified, and the whole plant 
tends to assume a conii'al form, the base of the cone being 
formed by the oldest secondary axes springing from the 
base of the trunk, the apex by the distal end of the primary 
axis. 

The branches are all axillary, each arising from the axil 
of a leaf, and, like the main stem, ending distally in a 
terminal bud. The foliage-leaves differ greatly in the various 
genera of Gymnosperms : in the pines they are long, needle- 
like structures, borne in pairs on short axillary branches or 
dwarf-shoots. 

In correspondence with the size attained by the aerial 
portion of the plant, the root attains far greater relative 
dimensions than in any case we have jireviously studied. 
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The trunk is continued downwards by a great primary roof, 
from which secondary roots arise in regular order, and, these 
branching again and again, there is produced a root-system 
of immense size and complexity, extending into the soil to a 
sufficient depth to resist the strain to which the aerial part oi 
the tree is subjected by the wind. 

One remarkable feature about the pines and their allies as 
compared with the plants previously studied, is their practi- 
cally unlimited growth. In mosses, ferns, &c., the stem 
after attaining a certain diameter ceases to grow in thick- 
ness, so that even in the tallest tree-ferns the stem is always 
slender. But in pines the trunk, the branches, and the 
roots continue to increase in thickness for an indefinite 
period, the trunk in the common Scotch Fir {Piniis 
sylvestris) attaining a circumference of four or five metres 
or even more, and the other parts in proportion. The tree 
may survive for hundreds of years. 

The changes undergone during this remarkable process of 
growth are best studied, in the first instance, by a series of 
rough transverse sections of branches of different ages. In a 
first year’s branch the middle is occupied by an axial strand 
of soft tissue, the pith or medulla (Fig. it 8, a and B, med) \ 
outside this comes a ring of wood (.vr), divided into radially 
arranged wedge-shaped masses; and this in turn is sur- 
rounded by the hark or cortex (cor), which can be readily 
stripped off the wood, and which contains numerous resin- 
canals {r. c) appearing in the section as rounded apertures 
with drops of resin oozing from them. In a somewhat older 
branch the layer of wood is seen to have increased greatly 
in thickness, and has a well-marked concentric and radial 
striation (c) : the cortex also has thickened though to a less 
extent, while the pith is unaltered. The bark, moreover, is 
clearly divisible into an inner light coloured layer, the hast 
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or phloem {ph/)^ a middle green layer of cortical parenchyma 
{cor) containing resin-canals, and an outer brown layer, the 
cork (ck). Lastly, in the trunk and larger brandies the wood 
forms by far the greater part of the whole section, the* Dark 
being a comparatively thin lavcr, easily stripped off, with no 
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Fig. 1 18. — Diagrammatic transverse sections of three branches of 
Finns of different ages. 

A, very young axis, showing epidermis {ep), cortex {cor) with resin- 
canals {r. c), medulla { 7 Hed), and ring of vascular bundles, separated by 
medullary rays {nied. r), and each consisting of xylem {xy)^ cambium 
{cb\ and phloem {phi). 

B, older axis, in which the cambiuir.*forms a complete cylinder, owing 
to the formation of interfascicular cambium {cb') between the bundles. 

c. Axis of the third year, showing xylem of first {xy^)t second 
{xy% and third {xy^) year’s growth ; cork [ck ) ; and cork cambium 
{ck. cb.) 


cortical parenchyma, and with its corky outer layer much 
thickened, gnarled, and wrinkled. 

The wood has been stated to exhibit both concentric and 
radial striations. The radial markings are called mednlla 7 y 
rays (Fig. 118, c, med. r) and follow the “grain” of the 
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wood. The concentric markings, which are against the 
grain, are the afinual r/z/j^s xy\ and owe their 
existence to the fact that the wood formed in summer and 
auturfm is denser than that formed in spring, while in winter 
there is a cessation of wood-production. Thus, by counting 
the annual rings of the main trunk, the age of the tree may 
be estimated. The wood, it will be observed, grows from 
within outwards, a new layer being added each year outside 
the old. 

The power of indefinite increase in diameter, which is so 
striking a feature in the pines and their allies, is connected 
with a peculiarity in the structure and arrangement of the 
vascular bundles. In the very young condition, ?>., in the 
terminal bud, the vascular bundles of the stem (Fig. Ji8, a) 
are wedge-shaped in transverse section and are arranged in 
a circle, the apex of each being turned towards the axis of 
the stem, the base towards its periphery. Actually, of course, 
as in the fern, the bundles are longitudinal strands with pro- 
longation into the leaves. 

The’ arrangement of the tis.sues in the vascular bundles 
differs in an important respect from the condition we are 
familiar with in the fern. Instead of the xylem occupying 
the centre of the bundle and being surrounded by phloem, 
the xylem (Fig. ii8, a, xy) forms the whole of the in-turned 
side, i.e.^ the narrow portion of the wedge in transverse sec- 
tions, the phloem {pht) the outer portion or broad end of 
the wedge. In a word, the bundles are not concentric as in 
the fern, but collateraL Moreover, the phloem and xylem 
are separated by a layer of small thin-walled cells, called the 
cambium layer {cb^. 

By this arrangement of the vascular bundles the ground- 
parenchyma of the stem is divisible into three portions, an 
external layer, the cortex (cor), between the epidermis (ep), 
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and the phloem bundles, an axial cylindci, the pith or 
medulla {ined)^ internal to the xyiem bundles, and a series 
of radial plates, the pr unary medullary rays {meiL r) s('j)arab 
ing the ])undles from one another. • 

As dtivelopment proceeds the parenchyma-cells connecting 
the cambium of adjacent bundles take on the characters of 
cambium-cells, the result being the formation of a closed 
cambium-cylinder, or, in transverse section; cambium-rhig 
(r, cb^ clf). In this a distinction is to be drawn between 
the fascicular cambium {cb) or original camhium of the 
bundles and interfascicular ca7nbium {cb') formed by con- 
versioi . of cells of the medullary rays. 

The cambium-cells now begin to divide in a tangential 
direction, /.c., along a plane parallel to the surface of the 
stem. If this process went on alone the result would be 
simply an increase iii the thickness of the cambium layer, 
but as it proceeds the products of division of the cells 
on the inner face of the cambium-cylinder become con- 
verted into new xylem-clements, those on its outer face 
into new phloem-elements. We have thus a formaticai of 
seco7idary wood and seco7idary bast, which, being formed 
from the whole of the cambium-cylinder, show no division 
into bundles but form a continuous cylinder (c, xy^ phi) of 
constantly increasing thickness. The phloem now forms 
the inner layer of the bark, which, as we have seen, can be 
readily stripped from the wood owLng to the delicate 
cambium-cells being easily torn apart. 

At the same time a layer of cells of the cortical parenchyma 
begins to divide tangentially so as to form a cylinder, or in 
transverse section a ring, of cork~ca7nbiu7n (Fig. 118 , c, ck. 
cb)^ from the outer face of which layer after layer of cork- 
cells {ck) is formed. In the cork-cells the protoplasm dis- 
appears and the cell- walls undergo a peculiar change by 
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which they become waterproof : this process, besides pro- 
tecting the interior of the stem from external moisture, 
prevents the access of nutrient matters to the e]>idermis 
and emter layers of cortical parenchyma. 13oth these layers 
consequently die and peel off, the outer surface coming to 
be formed by the cork itself. 

The %ood of pines contains no vessels, />., cells joined 
end to end so as to form a continuous tube, but only 
tracheides, />., elongated spindle-shaped cells with lignified 
walls and devoid of protoplasm. Radial bands of cells, 
mostly parenchymatous, are formed between the tracheides 
of the secondary wood, and give rise to the scamdary 
medullary rays (c, med. r) to whi('h the radial striation of 
the wood is due : they increase in number with the increase 
in thickness of the wood. The tracheides formed in 
autumn have smaller cavities and thicker walls than those 
formed in spring and summer : hence the formation of 
annual rings. I'he tracheides are not scalariform like those 
of ferns, but their walls have at intervals circular depressions 
perforated in the centre and called bordered pits. The 
tracheides of the primary xylem bundles have spirally 
thickened walls, like the spiral vessels of ferns. The 
phloem, both primary and secondary, consists of sieve- 
tubes and parenchyma. ^ 

The growing point of Gymnosperms presents a striking 
difference to that of ferns and other flowerless plants. It 
consists .simply of a mass of meristem cells among which no 
apical cell is to be distinguished. 

Pines, like horsetails and club-mosses, reproduce by 
means of cones or flowers. These are of tw^o kinds, male 
and female, so that sexual differentiation is carried a step 
further than in Selaginclla, in which sporangia of both sexes 




FiCx. 1 19. — Reproduction and Development of Gyvinospcrms. 

A, diagrammatic vertical section of male cone, showing axis with male 
sporophylls (j-/,///. s) bearing microsporaiigia {/u/. per, scale-Iikc 
leaves forming a rudimentary perianlh. 
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E, a single microspore, showing bladdcr-Iike processes of outer coat, 
and contents divided into small prothallial cell (a) and large cell (^), 
from which the pollen-tube arises. 

c, diagrammatic vertical section of female cone, showing axis witli 
female sporophylls {sp.ph. 9 ) bearing megasporangia each of 

which contains a single megaspore sp) : per, the scale-like perianth 
leaves, 

D, diagrammatic vertical section of a megasporangium, showing 
cellular coat (/), and nucellus {ncl), micropylc {nipy), and megaspore 
sp) : the latter contains the prothallus {prth) in which are two 
ovaries, that to the left showing a large ovum {mi) and neck-cells, while 
that to the right has given rise to an embryo {ejjib) which is in the 
phyllula stage, and has sunk into the tissue of the prothallus by the 
elongation of the long suspensor {spsr). 

A microspore [mi. sp) is seen in the micropylc sending off a pollen- 
tube [pk /), the end of which is applied to the necks of the two ovaries. 

K, diagrammatic vertical section of a seed, showing coat (/), micro- 
pyle [ftipy), and endosperm [end), in which is imbedded an embryo in 
the phyllula stage, consisting of stem-rudiment [st), cotyledons [ci), and 
root [r). 

(A and B, altered from Strasburger ; D and E, altered from Sachs.) 

are borne on the same cone. In the ])ines and their allies 
both male and female cones are usually borne on the same 
tree, so that the plant is fuona^cious : many Gymnosperms, 
on the other hand, are dievcious, each tree bearing either 
male or female cones only. 

The male cones (Fig. 119, a) are borne in clusters or 
infiorescences near the distal ends of the branches. Each 
cone consists, as in Equisetum and Selaginella, of an axis 
bearing a large number of sporophylls (sp. ph. (j) : it springs 
from the axil of a leaf and is to be looked upon as an 
abbreviated and peculiarly modified shoot. 

The sporophylls or stamens as they are commonly called 
(bigs. 119, sp.ph. (J and Fig. 120), are more or less leaf-like 
structures, each consisting of a short stalk or filament and an 
expanded portion or anther, the latter bearing on its under or 
[)roxinial side two microsporangia or pollen-sacs {mi. spg). 
The mother-cells of these divide each into four microspores 
or pollen-grains, which are liberated by the rupture of the 
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microsporangia in immense quantities, in the form of clouds 
of light yellow powder called ^Phe microspore (b) 

is at first an ordinary cell consisting of protoplasn» with a 
nucleus and a double cell-wall, but eventually Lheaprolo- 
plasm divides into two cells ; a small one (^^), the vestige of 
the male prothallus, which soon divides again forming two 
or more cells, one of which is distinguished as the generative 
cell' and a large one (^), the vegetative cell. Under favour- 
able circumstance's these cells undergo changes which will 
be described presently. 

'i'he structure of the female cone is best made out in the 



Fio. 120. — A single stamen or male sporophyll of the pine, showing 
the two inicrosporangia or pollen-sacs. 

larch. It also consists (Fig. T19, c) of an axis bearing 
sporophylls {gp. pli. 9 ), or, as they are usually called in 
Phanerogams, c arpels. Each carpel is a crimson leaf with a 
green midrib produced distally into a projecting point, and 
liears on its upjier or distal surface a little flattened body, 
the placental scale., on the upper surface of which are two 
peculiarly modified megasporangia {jng. spg), commonly 
known as 07 >ules. In the pine the ]3lacental scales ( Fig. 1 2 1 ) 
are larger that the carpels, and their thic'.kened distal ends 
form the rhomboid areas into which the surface of the cone 
is divided. 
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The comparison of the reproductive organs of the pine 
and larch with those of Vascular Cryptogams and of 
Angiosperms will be facilitated by a consideration of two 
exotig genera of palm-like Gymnosperms. In Zamia both 
male (Fig. 122, a) and female (b) cones bear a close 
g;x:ternal resemblance to those of Equisetum, the sporophylls 
ph, 3 5 sp. ph. ? ) being stalked hexagonal scales on the 
Inner surfaces of which the pollen-sacs (b, mi. spg) or ovules 
(d, mg. spg) are borne. In the female Cvcas the carpels 
(e, sp. ph. 9 ) are not arranged in a cone, but form a whorl 



f'lG. 1 21 . — A single carpel or female .sporophyll of pine, with pla- 
cental scale bearing two megasporangia or ovules. 

of leaf-like bodies obviously homologous with foliage leaves. 
Each carpel is, in fact, a leaf 20-30 cm. long, and deeply 
lobed at its edge : in the dis1.al portion the lobes are long 
and slender, but proximal ly they take the form of ovoidal 
bodies {f}ig. spg)^ about the size of plums, tlie ovules or 
megasporangia. 

The ovules differ strikingly in structure from the niegaspor- 
angia of Cryptogams. Each consists of a solid mass of small 
cells called the nucei/us (Fig. 119, d, w/), attached by its 
proximal end to the sporophyll, and surrounded by a wall 
or inttginnerit (/) also formed of a small-celled tissue. The 
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Eig. 122 . — A, male cone of Zaniia^ showing the hexagonal .-^poro- 
phylls (.</. ph. ). 

B, transverse section of the same, showing the inicrosporangia (;//?'. 
spg) borne on the sporophylls. 

c, distal end of female cone of Zanna^ showing the sporophylls {sp, 
ph. 9 ). 

1), transverse section of tlic san*, showing the megasporangia {mg, 
spg) borne on the sporophylls. 

K, a single female sporophyll {sp, ph. 9 ) of Cycas, the pointed lobes 
of the distal portion replaced proximally by megasporangia [fng. spg). 

(After Sachs.) 


integument is in close contact with the niicelliis, hut is per- 
forated distally by an aperture, the micropyle {fnpy)^ through 
which a small area of the nucellus is exposed. 

Each megasporangium contains only a single megasporc, 
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frcquenlly called the embryo sac (c ajid P, s/), and 
having the form of a large ovoidal body embedded in the 
tissue of the riucellus. It has at first the characters of a 
single* cell, but afterwards, by division of its nucleus and 
protoplasm, becomes filled with small cells representing a 
prothallus (pr/b). As in Vascular Cryptogams, single sujier- 
ftdal cells of the prothallus are converted into ovaries whicli 
are extremely simple in structure, each consisting of a large 
ovum (o7^), and of a variable number of neck-cells. 

'Fhe pollen, liberated by the rupture of the microsporangia, 
is carried to c:onsiderable distances by the wind, some of it 
falling on the female cones of the same or another tree. In 
this way single microspores (pollen-grains) find their way 
into the micropyle of a megasporangium (d, ;///. sj>). "I'his 
is the process known as pollination, and is the necessary 
antecedent of fertilisation. 

The microspore now germinates : the outer coal bursts, 
and the vegetative cell (b, li) protrudes in the form of a 
filament resembling a hypha of Mucor, and called a polloi- 
tubc (d, /./). This forces its way into the tissue of the 
nucellus, like a root making its way through the soil, and 
finally reaches the megaspore in the immediate neighbour- 
hood of an ovary. A process then grows out from the end 
of the tube, passes between ^the neck-cells, and comes in 
contact with the ovum. 

In the meantime the nucleus of the vegetative cell (Z>) — 
that from which the pollen-tube grows — has travelled towards 
the end of the pollen-tube and undergone degeneration. The 
generative cell at the same time enters the pollen-tube and 
divides into two spcrm-cells. The end of the pollen-tube 
becomes mucilaginous and one of the sperm-cells makes 
its way through it, down the neck of the ovary and into the 
ovum. The nucleus of the sperm-cell — called the male 
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pronuckus — then conjugates with the nucleus of the ovum, 
or female pronuckus^ and thus effects the process of fertilisa- 
tion, or the conversion of the ovum into the oosperm. 

The development of the oosperm is a very complicated 
process, and results in the formation not of a single polyplast 
but of four, each at the end of a long suspensor (d, spsr)^ 
formed of a linear aggregate of cells, which by its elonga- 
tioii carries the emliryo {anh) down into the tissue o^ t\{i 
proth alius. As a nih only one of these embryos comes to 
maturity : it develops a rudimentary stem, ro<4, and four or 
more cotyledons, and so becomes a phyllula. 

Vv’hile these jirocesses are going on the female cone in- 
creases greatly in size and becomes woody. The mega- 
sporangia, now (\alled seeds, also become much larger, their 
integuments (e, /), becoming brown and hard and constitut- 
ing the seed-coat or lesla, which in the pine is produced into 
a flattened expansion or The megaspore in each seed 

enlarges so much aj. to di.splace the nucellus : at the same 
time the cells of the prothallus filling the megaspore develop 
large (|uantities of plastic products, siu'h as fat and al!)umin- 
ous substances, to be used in the nutrition of the embryo : 
the tissue thus formed is the etidosperm {end). 

As the cone dries the placental scales separate and expose 
the seeds, whic h drop out and may be carried considerable 
distances by the wind, acting upon their wings, before falling 
to the ground. 

Under favourable circumstances the seed germinates. 
By absorption of moisture its contents swell and burst the 
seed-coat, and the root of the {ihyllula {r) emerges, followed 
before long by the stem {s/) and cotyledons {c/). The 
phyllula thus becomes the seedling plant, and by further 
growth and the successive formation of new parts is con- 
verted into the adult. 



460 


GYMNOSPERMS 


LESS. XXXUl 


In Gymnosperms we see an even more striking reduction 
of the gamobium than in Selaginella. The female prothallus 
is permanently inclosed in the megaspore, and the mega- 
spore in the megasporangium : the ovaries also are greatly 
simplified. The male prothallus is represented by the 
smaller cell of the microspore, and no formation of sperms 
takes place, fertilisation being effected by sperm-cells formed 
from one of the products of division of the prothallial cell, 
which migrate to the extremity of a tubular prolongation of 
the larger or vegetative cell of the microspore, and finally 
conjugate with the ova. 

It is worthy of notice that Phanerogams, alone among 
the higher organisms, have abandoned the ordinary method 
of fertilisation by the conjugation of ovum and sperm. In 
this respect they are the most specialised of living things. 
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ANGIOSPKRMS 

To ^’lis group belong all the commoner herbs and shrubs 
as well as trees other than Gymnosperms, such as palms, 
oaks, elms, beeches, poplars, &c. There are two sub- 
divisions of the group which must be mentioned, because 
of the necessity of referring to them later on : they are the 
Dicofykdofis^ so called because of the presence of two coty- 
ledons or seed-leaves in the phyllula, and the Mofwcofykdons, 
in which only a single seed-leaf is present. Among Dico- 
tyledons are included the large majority of wild and garden 
flowers, as well as most of the angiospermous trees : the 
best known Monocotyledons are the lilies and their allies, 
the various kinds of narcissus, orchids, grasses, and palms. 

The general relations of the main parts of the plant — 
stem, root, leaves, &c. — are tfle same as in Gymnosperms, as 
may be seen by comparing a wallflower, an elm, a poplar, 
and a lily, taken as examples of dicotyledonous herbs, of 
dicotyledonous trees, and of Monocotyledons respectively. 
In the lily, however, as in Monocotyledons generally, there 
is no primary root, but a great number of equal-sized root- 
fibres springing from the base of the stem. 

In Dicotyledons the arrangement of the tissues is the 
same as in Gymnosperms (p. 448) : the vascular bundles 
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are arranged in a circle, and there is a closed cambium 
cylinder from which new xylem is added internally, and new 
phloem externally. Moreover, in trees and shrubs, 
plants which survi\ e from year to year instead of dying down 
at the end of one or two seasons, a cork-cambium is formed 



Fig. 123. — Diagrammatic transverse section of the stem of a Lily, 
showing the epidermis {ep), cortical parenchyma containing chloro- 
phyll [cor), and axial cylinder of parenchyma surrounded by the pericycle 
(/?r) and containing vascular bundles, each consisting of phloem (////) 
and xylem {xy). 


in the cortex from which an external layer of cork is pro- 
duced, the epidermis disappearing. So that the phenomena 
of growth in thickness can be studied as conveniently in 
any dicotyledonous tree as in a pine or cypress. 

In Monocotyledons — in a lily, for instance — the arrange- 
ment of tissues is different. The vascular bundles (Fig. 123) 
are arranged in a number of irregular circles scattered 
throughout the central parenchyma or ground tissue, which 
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is separated from the cortical parenchyma ycort) by a layer 
of sclerenchymatous perky cle {pr'-). The bundles 

are collateral, the xylem {xy) facing the axis of ihe stem, 
the phloem (////) its periphery : but tliere is a fundaTiiental 
difference from the bundles of (lymnosperms and Dico- 
tyledons in that the fully formed bundle contains no 
cambium, and is therefore incapable of further growth. The 
bundles of Monocotyledons are therefore closed^ while thos?** 
of Gymnosperms and Dicotyledons are - open. Owing 
partly to this circumstance, partly to the thick unyielding 
pericycle, the stems of nearly all Monocotyledons are in- 
capiiMc, when once their tissues are fully formed, of further 
increase in thickness. Hence the characteristic slenderness 
of the trunk of a j)alm as c'ompared with that of a ])ine or 
an oak. 

The wood of Aiigiosperms consists of spiral, annular 
and dotted vessels, of fibres er prosenchymatous cells, and 
of parenchyma. T^e phloem contains sieve-tubes, long 
tough prosenchymatous cells called bast-fibres, and paren- 
chyma. The growing [)oint, as in Gymnosperms, has no 
apical cell. 

The leaves vary indefinitely in form, and all that can be 
mentioned with regard to them in the present brief sketch 
is that in most Monocotyledons they are long and narrow, 
and traversed by numerous* parallel veins, while in Dico- 
tyledons they are generally broad, with a smaller number — 
one to five — of primary veins from which secondary veins 
branch out and unite in a network. So that the venation 
or veining is parallel in Monocotyledons, reticulate in Dico- 
tyledons. 

It is in the structure of the flower that the most striking 
differences from, and the most marked advance upon, 
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Gymnosperms are seen. The modifications of the flower 
among both groups of Angiosperms are almost infinite, and 
can be thoroughly understood only by a careful study of 
numefous forms : all that can be attempted here is to give 
some idea of the essential points of structure and the lead- 
ing modifications, by reference to a few selected forms. 

In a buttercup {Ranunculus)^ one of the most generalised 
Dicotyledons, the flower is borne at the end of a long stalk 
ox: peduncle (Fig. 124, a and b, pd\ the distal end of which 
is expanded into a conical floral receptacle (b and c,yf. ^*), 
serving for the attachment of the various parts of the flower. 

From the broad proximal end of the receptacle spring 
five greenish leaves (a and b, cp)^ arranged in a whorl : they 
are the sepals, and together constitute the calyx of the 
flower. A little higher up arise, alternately with the sepals, 
five larger leaves (a and b, pt) of a brilliant yellow colour, 
forming the conspicuous part of the whole flower : they are 
the petals, and together constitute the corolla. Each petal 
has at the base of its upper side a little scale called a nectary 
(f, 7 ict), from which a sweet juice, called nectar, is secreted. 

Both sepals and petals spring from the base of the conical 
receptacle. From the lower half of the part above their 
origin arise a large number of stafnefis (b and c, st), arranged, 
not in a whorl, but in a close sj)iral, and together constituting 
the andrcccium. Each stamen (d) consists of a stalk or 
filament {fll), bearing at its distal end an expanded body or 
anther {an), divided by longitudinal ridges into four lobes. 
A transverse section (Fig. 125, b^) shows that each lobe 
contains a pollen-sac or microsporangium {mt. spg), filled, in 
the ripe condition, with minute pollen-grains or microspores 
{?m. sp). 

P>om the distal portion of the receptacle arise, also in a 
close spiral, a number of little pod-like bodies, the carpels 
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(n and c, cp) together constituting the gyvoiciiim or pistil. 
Each carpel consists of an c .panded, hollow, proximal 



Fic. I 24 .--Striicliirc of the flower of the JkitU'rcup. 

A, the entire flower from below, showing peduncle [pd]^ sepals {sp)^ 
and petals [pt). 

K, vertical section of flower, showing peduncle {pd), floral receptacle 
( //. r\ sepals [sp\ ]:>etals [pt), stamen {sl\ and carpels [cp). 

The carpel cp' is cut vertically, a»d shows the niegasporangium. 

c, floral receptacle {JL r), with carpels (c/), one stamen Siud 
scars left by the removal of the remaining stamens. 

D, stamen, showing filament {fl) and anther (an). 

E, carpel in vertical section, showing venter (»;//) with contained 
megasporangium (mg. sp^. and style (st). 

F, petal, with nectary (net). 

(a and c, after Vines ; n, D, and F, after Maout and Dccaisnc ; K, 
after Oliver.) 

portion or icntcr^ (r, tv//), and of a short, hook-like distal 
extremity {si) covered with sticky hairs and called the stigma. 

^ Commonly called ovary. 


H H 
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The venter contains a single ovule or megasporangium {mg. 
spg)^ differing from that of the pine in being covered by a 
double instead of a single coat (Fig. 126, d, both 
perforated by a micropyle {m. py\ which places the central 
mass of tissue or nucellus {ncl) in communication with the 
cavity of the venter (Fig. 126, a). The nucellus, like that 
of pines, contains a single embryo-sac or megaspore {mg. sp). 

The fact that the megasporangia are contained in a cavity 
of the carpel, and so shut off from all direct communication 
with the exterior, forms a fundamental difference between 
the angiospermous or covered-seeded, and the gymno- 
spermous or naked-seeded Phanerogams. 

We saw that in Gymnosperms, as in the Vascular Crypto- 
gams, the sporangia were borne on structures, the sporophylls, 
which were obviously modified leaves. In the buttercup 
the stamens and carpels have departed so widely from the 
leaf-type that their true nature becomes obvious only after 
comparison with other forms. 

In the White Water-lily {Nymphcca alha) the very numerous 
petals are arranged, like the stamens, in a spiral, and the 
two sets of organs pass insensibly into one another. As we 
trace the petals (Fig. 125, a^) upwards on the floral recep- 
tacle we find them become narrower in j)roportion to their 
breadth (a^), and on the apex two little yellow lobes appear 
{mi. spg). Still i)assing up the spiral the lobes become 
more and more pronounced, and the petal narrower (a^), 
until at last the lobes become aggregated into an undoubted 
anther (a^, an), while the blade of the petal is narrowed to a 
filament, its distal end serving to unite the anther-lobes and 
constituting the connective {cor). 

The same transition from petals to stamens is seen in 
many “ double ” flowers, such as the double apple, in which 
the number of petals becomes greatly increased by the 
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assumption of a petaloid form by the outer stamens, vrrious 
intermediate stages being present from the typical stamen, 
through irregular leaves with anther-lobes at their distal ends, 
to the ordinary broad white petal. • 

W e see, then, that a stamen ^’s a leaf on the surface of 
which four inicrosporangia (b^, mi. spg) are developed : the 
blade of the leaf is narrowed to form a mere stalk, while the 





Fig. 125.— a^-a’, t’^ansition from petal to stamen ; /?iz. micro- 
sporangia ; yf, filament ; a;/, anther. 

transverse section of male sporophyll in the stage A- ; ;nr, mid- 
rib of staminal leaf ; ifd. microsj^orangia. 

B-, transverse section of typical anther, showing connective df7;-)with 
vascular bundle or midrib (wr), on the left two microsi)orangia (;///. 
spg)^ and on the right the escape of the niicrospores {mi. sp) by dehis- 
cence of the anther. 


microsporangia have become so. closely aggregated as to 
form a single four-lobed bodf, the anther (jt-). 

Similarly the carpel can be shown to conform to the leaf- 
type. The flower of the cherry has a single flask-shaped 
carpel, consisting of a rounded venter, with an expanded 
stigma borne on the end of a stalk or style. But when the 
cherry flower becomes double, the normal carpel is rcjilaced ^ 
by a little green leaf, (piite like a foliage leaf, except that it 
is permanently folded upon the midrib so as to bring the 
two halves of its upper or dorsal surface almost into contact. 

11 H 2 
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Inu^inc one or more of the marginal lobes of such a leaf to 
he replaced by niegasporangia, as in Cycas (Fig, 122, e), 
and the edges of its proximal part to come together and 
unite (fig. 126, b^). The result will be the enclosure 

of the ovules in a capsule formed from the proximal part of 
the leaf, while its distal end forms the style and stigma. 

The extreme differentiation of both male and female 
sporophylls is not the only important difference between the 
angiospermous and the gymnospermous flower. Almost 
equally characteristic, and e(iually striking as a sign of 
advance in organisation, is the fact that the sporophylls are 
surrounded by two sets — sometimes reduced to one — of 
floral organs, the sepals and petals, which together form the 
floral envelope or perianth. In most Gymnosperms the 
only indication of a perianth is in the form of inconspicuous 
barren scales, scales not bearing sporangia, at the base 
of the cone (Fig. 119, a and b, per), while in Angiosperms 
the perianth has l)ecome differentiated into two well-marked 
and conspicuous sets of leaves. 

I'he function of the sepals is usually to i)rotect the other 
parts of the flower in the bud : they are generally of such a 
size as completely to close over the petals, stamens, and 
carpels until the flower opens, when they often either turn 
back or fall off. I'hey ar^ therefore to be looked u})on as 
leayes which have been modified for protective purposes. 

The petals serve an entirely different function. They are 
usually large and brightly coloured, forming the most con- 
spicuous part of the flower : they are also commonly scented, 
and from them or some adjacent part nectar is secreted. 
This fluid forms the staple food of many insects, especially 
butterflies, moths, and bees, which, as soon as a flower is 
opened, may be seen to visit it and to insert head or 
proboscis in order to suck the sweet juice. 
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By the time this takes place the stamens have dehisced, 
split down each side, so that the two pollen-sacs of each 
half-anther discharge their pollen byacommo 1 slit (Fig. 125, 
B®). The pollen is usually not dry like that of ( iyium) perms 
but sticky, so that the grains are not readily blown away but 
tend to adhere to one another and to the ruptured anther. 
Thus, when the insect inserts its head into the flower a 
greater or less rjiiantity of pollen is certain to stick to 
it, and to be ('arried off as the insect flies to another 
flower. 

Tt will be remembered that the stigma is covered whh 
sticky hairs, the consequence of which is that as the insect 
flies from flower to flower, the pollen it has collected from 
the stamens cf one is transferred to the stigmas of another, 
and thus, in all the higher Angiosperms, pollination is effected 
by the agency of insects and not, as in (lymnosperms, by the 
chance action of the wind. 

Thus the corolla serves an attractive purpose : by its 
colour and scent ir.sects are informed of the store of nectar 
it contains, and in the search for that food they uncon- 
sciously benefit the plant by performing the work of pollina- 
tion. In this way pollination is made more certain than 
when left to the wind, and the plant is saved the production 
of the immense quantity of pollen essential to a wind- 
fertilised plant, in which a v^ry small fraction of the grains 
produced can possibly find their way to a female cone. 

Still another striking feature of the angiospermous as 
compared with the gvmnospermoiis flower is the shortening 
of its axis. A comparison of Fig. 126, a, with Fig. 119, 
A and c, shows that the floral receptacle (jd. r) of the Angio; 
sperm is nothing but the axis of the gymnosyiermous ('one 
shortened and broadened. The natural result is the suppres- 
sion of the internodes and the consequent approximation 




Fk;. 126. — Reproduction and Development of Angiosperms. 

A, diagrammatic vertical section of a flower consisting of an abbreviated 
axis or floral receptacle {jl. r) bearing a proximal {pcr^) and a distal 
{pef^) whorl of perianth leaves (sepals and petals), a whorl of male 
sporophylls or stamens {sp. pJi. cJ ), and one of female sporophylls or 
carpels {sp. pJi. 9 )• 



•LK^S. XXXIV 


MORPTTOLOGV OF FLOWER 


47 1 

The male sporophyll hears microsporangia {mi, ;pg) containing 
microspores {mi. sp). 

The female sporophyll consists cT a solid style {sf) terminated by <a 
stigma {stg\ and of a hollow venter ( 7 .') containing a megasporangium 
{mg. spg) in which is a single megaspore {mg. sp). 

On the right side a inicrospore is sh^wn on the stigma, ami has sent 
off a pollen-tube (/./) thro igh the tissue of the style to the micropyle of 
the megasporangium. 

id, diagram of a female sporojdiyll from the dorsal aspect, ard i the 
same in transverse section, showing the folding in of its edges to form 
the cavity or venter in which the megasporangia {mg. spg) are enclosed : 
/A. r, the midrib. 

a ndcrospore, showing the two cells (a and />) into wi.ich its 
contents divide ; the larger is the vegetative-cell. 

C“, the same, sending out a pollen-luhc (/. f); /iif, niP^ the two nuclei : 
the generative nucleus has not yet divided. 

1), diagrammatic vertical section of a megasporangium, showing the 
dc-’ ble integument nuccllus (//rZ), micropyle {m.py), and mega- 

spore sp) i the latter contains the .secondary nucleus (;///) in the 
centre, three antipodal cells {a///) at the proximal end, and two syncr- 
gidie {sng) and an ovum (ov) at the distal end. 

A ])ollen-tubc (/. /) is shoun with its end in contact with the 
syncrgidie. 

K, semi-diagram ir.atic section of tlie megaspore of a young seed, 
showing an embtyo (cm/?) in the polyplast stage with its suspensor 
{spsr) ; also numerous vacuoles (7wc) and nuclei {nn). 

F, diagrammatic vertical section of a ripe seed, showing the seed-coat 
(/), micropyle (///. pjy), perisperm (per) derived from the tissue of the 
nucellus, and endosperm {e^fd) formed in the megaspore and containing 
an embryo in the phyllula stage with stem-rudiment {s/), cotyledons (r/), 
and root (/'). 

(id, after Behrens ; C^, and E, altered from Howes.) 

of the nodes, so that all the leaves — sepals, petals, 

stamens, and carpels — arije close together from a small 
area. Thus, the angiospermous flower, like the gymno- 
spermous cone, is a modified shoot of limited growth, 

having its axis shortened to a floral receptacle and its 

leaves modified to form the various floral organs. The 

composition of the flower may therefore be expressed in a 
diagrammatic form as follows : — 

('pprinnth / Protective— Sepals (Calyx). 
Floral Receptacle J ‘ f Attractive — Petals (Corolla). 

= Axis of Shoot j I Sporo- /Male — Stamens (Androeciuin). 

^ phylls f Female — Carpels (Gyncecium). 
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Fig. 127. — Vertical section of flower of Hclkborus^ showingyZ. 
floral receptacle ; sp, sepals ; //, petMs ; st^ stamens ; and r/, carpels, 
that to the right cut longitudinally to show the megasporangia {mg. spg). 

a’^, transverse section of gynoecium of Helleborus passing through the 
venter {vni) of the six carpels, each of which has a midrib {mi ) and 
united edges (<?) to which the megasporangia are attached. 

vertical section of flower ol Campanula^ showing floral recep- 
tacle {Jl. r) enclosing venter of gynoecium [vrit], with megasporangia 
(///;’■. spg] ; calyx {cal) ; corolla {cor) ; anthers [an] and filaments {Jl) of 
stamens ; and style {sty) and stigma 

B“, transverse section of gynfccium of Campanula enclosed in floral 
receptable {Jl. r). Letters as in A-. 

c, transverse section of gynoecium of Kibes. Letters as in A^. 

(a^ and id, after Lc Maont .and Decaisne. ) 
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TlMe are one or two important modifications of the 
flower which must be briefly referred to. 

In the Christmas-rose {Hellcborus) the general structure 
of the flower resembles that of the buttercup except that the 
petals (Fig. 127, a^, pt) are small and tubular, and the 
sepals ^ySp) so large as ta form the obvious and attractive 
part of the flower, Lut the large carpels {cp) are few — three 
to six — in number, arranged in a single whorl, and closely 
applied to one another bv their lateral faces (a^). 'Fhc 
peripheral or outwardly-facing border of each represents the 
midrib (wr) of the carpellary leaf, the central border — that 
facing the axis of the flower — its united edges (c). To the 
lattej are attached several megasporangia arranged in a 
longitudinal rov\ 

In the Canterbury-bell {Campamild) there appears at first 
sight to be a single carpel (b^ vni) with three stigmas 
But a transverse section of the venter (?.-) shows it to 
contain three cavities arranged round a longitudinal axis to 
which are attached fliree rows of ovules spg)^ one to 
each chamber. Obviously such a pistil is produced by the 
three carpels of which it is composed being not sim])ly 
applied to one another as in the Christmas-rose, but actually 
fused. In the currant (Ribes) the pistil shows in transverse 
section a single cavity only (r), but with two rows of ovules 
(mg. spg) : here the carpellai^ leaves have united with one 
another simply by their edges. 

Campanula illustrates concrescence not of the carpels 
only but of all the other floral whorls. T'he sepals have 
united to form a cup-like calyx (Fig. 127, id, cal), the petals 
are joined into a vase-like corolla (car), and the filaments of 
the stamens (/f) are united below. Moreover, the floral 
receptacle (yf. r) instead of being conical, as in the butter- 
cup, ishollow^ed into a cup which encloses and is fused with 
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the venter of the pistil (fv//) : it thus loses all appearance of 
being a stem-structure and becomes a mere capsule for the 
gynoecium, giving attachment at its edges to the other 
floral organs. 

An extended study of flowers will show how all the main 
modifications are brought about by the varying form of 
the floral receptacle, by the concrescence of one part with 
another, by the enlargement of certain parts, and by the 
diminution or complete suppression of others. 

The microspores are at first simple cells, eacli with a 
double cell-wall and a nucleus. I'hc nucleus divides into 
two (Fig. 126, c^), a larger vegetative nucleus, and a smaller 
which divides again forming two generative nuclei, each of 
which may bec'ome surrounded by a thin cell-wall. 

No prothallus is formed in the megaspore, but its nucleus 
divides, the products of division pass to opposite ends of 
the spore, and each divides again and then again, so that 
four nuclei are produced at each extremity. Three of the 
nuclei at the proximal end — that furthest from the micropyle 
— become surrounded by protoplasm and take on the char- 
acter of cells (d, ant) all devoid of cell-wall and called a?itipodal 
cells; the fourth remains unchanged. Similarly, of the four 
nuclei at the distal or micropyljr end, one remains unchanged 
and three assume the form of cells by becoming invested 
with protoplasm. Of these three, two lie near the wall of 
the megaspore and are called synergidee (sng): the third, more 
deeply placed, is the ovum (/w). The two unaltered nuclei 
now travel to the centre of the megaspore and unite with 
one another, forming the secondary nucleus (nu) of the spore. 

There is thus a single ovum produced in each megaspore, 
but no ovary and no prothallus : the female portion of the 
gamobium is reduced to its simplest expression. 
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Pollination may take place, as we have seen, by the agency 
either of the wind or of inse'ts. The microspores are 
deposited on the stigma (a), where they germinate, each 
sending off a pollen-tube (a and c-, /. /), wlnc^i’^^rows 
downwards through the tissue of the stigma and style to the 
cavity of the venter, where it reaches a megasporangium, 
and entering at the micropyle (i), /. /), continues its course 
through the nuccllus, finally applying itself to the distal end 
of the megaspore in the immediate neighbourhood of the 
synergidie. 

In the meantime the nuclei of the microspore (c^, ;///. 
ni/y) have passed into the end of the pollen-tube. The 
vegetative nucleus undergoes degeneration, becoming 
shrivelled and unaffected by dyes. One of the two 
generative nuclei also degenerates, the other, ])robably 
surrounded by pndoplasm containing the astrosphere, 
passes through tla: softened cell-w^all of the swadlen end 
of the pollen-tubeeand enters the ovum, uniting with its 
nucleus in the usual way. 

The ovum is thus converted into an oosperm or unicellu- 
lar embryo : it acquires a cell-wall and almost immediately 
divides into two cells, of which that nearest the micropyle 
becomes the siispensor (e, spr), the other, or embryo 
proper {emlf), forming a solid aggregate of cells, the poly- 
plast. By further differentiation rudiments of a stem (f, st\ 
a root {r) and either one or two cotyledons {ct) are formed, 
and the embryo passes into the phyllula stage. 

While the early development of the embryo is going on, 
the secondary nucleus of the megaspore divides repeatedly, 
and the products of division (k, ////) becoming surrounded 
by protoplasm, a number of cells are produced, which, by 
further multiplication, fill up all that part of the megasporc 
which is not occupied by the embryo. The tissue thus 
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formed is called the endosperm (f, end\ and occupies pre- 
cisely the position of the vestigial prothallus of Gymnosperms 
(Fig. 1 19, p. 453, i)y and K, t^/d / and p. 458), differing 
from it in the fact that it is formed only after fertilisation. 
We have here a case of retarded development : the degenera- 
tion of the prothallus has gone so far that it arises long 
after the formation of the ovum which, in both Gymnosperms 
and Vascular Cryptogams, is a specially modified prothallial 
cell. As a rule the tissue of the nucellus disappears as the 
embryo grows, but in some cases, c.^., the water-lily, it is 
retained, forming an additional store of nutrient material 
and called the perisperw (Fig. 126, f, pe?'). 

The phyllula continues to grow and remains inclosed in 
the megasporangium, which undergoes a corresponding in- 
crease in size and becomes the seed. One or more seeds 
also remain inclosed in the venter of the pistil, which grows 
considerably and constitutes the fiiat. Finally the seeds 
are liberated, the [diyllula protrudes first its root, and thcai 
its stem and cotyledons through the rupturcxl seed-coat, and 
becomes the seedling plant. 

We learn from this and the two preceding lessons that 
there is a far greater uniformity of organisation among the 
higher plants than among the higher animals, not only in 
ang^tomical and histological structure, but also in the fact 
that alternation of generations is universal from mosses up 
to the highest flowering jflants. But as we ascend the 
series, the gamobium sinks from the position of a conspicu- 
ous leafy plant to that of a small and insignificant prothallus, 
becoming finally so reduced as to be recognisable as such 
only by comparison with the lower forms. 
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1 .— Tirii SiMpLEE Unicellular Organisms. 

1. Anidda. 

VA^,V 

Coil-body amoeboid or encysted : cell-wall nitrogenous (?): 
\iulrition holoroic ; reproduction by simple or binary 
fission I 

2 . Htrmalococcus. 

Cell-body ciliated or encysted : cell wall of ce]lulo-.e : 
nutrition holo]:»hytic ; reproduction by binary fission . . 23 

3. Heferomila. 

Cell-body ciliated : nutrition saprophytic : asexual repro- 
duction by binary fission : ^sexual reproduction by conju - 
gation of equal and similar gametes followed by multiple 
fission of the protoplasm of the zygote, forming spores . 36 

4. Euglena. 

Cell-body ciliated or encysted ; cell-wall of cellulose : 
mouth and gullet present : nutrition holophytic and 
halozoic : reproduction l>v binary and multiple fission . . 44 

5. Protomyxa. 

Cell-body amoeboid, ciliated, or encysted ; plasmodia 
formed by concrescence of amoebul*e : cell wall nitro- 
genous (?) : nutrition holozoic : reproduction by multiple 
fission of encysted plasmodium 49 
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6 . Mycctozoa. 

Like Protomyxa, but owing to the presence of nuclei the 
relation of the individual cell-bodies to the plasmodiuin 
is more clearly seen : cell -wall of cellulose 52 

7 . Sacch aromyces. 

Cell-body encysted : cell-wall of cellulose : nutrition 
saprophytic ; reproduction by gemmation or by internal 
fission : acts as an organised ferment 71 

Bacteria. 

Cell-body ciliated or encysted : cell-wall of cellulose : 
nutrition saprophytic : reproduction by binary fission or 
by spore -formation : act as organised ferments : the 
simplest and most abundant of organisms ... 82 


II. — Unicellular or Non-cellular Organisms in which there 
IS considerable Complexity of Structure accompanied 
BY Physiological Differentiation. 

a. Complexity attained by differentiation of cell-body. 


9. Parama i iuni. 

Medulla, cortex, and cuticle : trichocysts : complex con- 
tractile vacuoles : nucleus and paranucleus : mouth, 
gullet, and anal spot : conjugation temporary, no zygote 
being formed, but interchange of nuclear material during 
temporal y union 106 

10. Stylonychia. 

Extreme differentiation or heteromorphism of cilia . 116 

11. Oxytricha. 

Fragmentation of nucleus ... 120 


1 2. Opalina. 

Multinucleate but non-cellular : jmrasitism and its results : 
necessity for s])ecial means of dispersal of an internal 
parasite . , . . 121 

13. Corticella. 

A stationary organism : limitation of cilia to defined 
regions : muscle-fibre in stalk : necessity for means of 
dispersal in a fixed organism : conjugation between free- 
swimming micro- and fixed mega-gamete : zygote indis- 
tinguishable from a zooid of the ordinary kind 126 
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14. Zootnammum, 

A compound organism or colony with dimorphic (nutri- 
tive and reproductive) zooia.i : begins life as a single 
zooid 

b. Complexity attained by differentiation of eel! -wall or by Jornfa' 
lion of skeletal structures in the proU plasm. 

15* Foraminifera. 

Calcareous shells (cell-walls) of various and complicated 
form 148 

1 u. Radiolaria. 

Membranous peifoialcd shell (cell-wall) and extt;rnal 
silicious skeleton often of great complexity, symbiotic 


relations with Zooxanthella 3 52 

17. Diatoms. 

Silicious, two-valved, highly-ornamented .shells ... 155 


Complexity attained by simple elom^ation and branching 0/ the 
cell. 

1 8. Mneor. 

A branching fdainentous non-cellular fungus : necessity 
for special reproductive organs in such an organism : they 
may be sporangia producing asexual s])ores, or equal and 
similar gametes producing a resting zygote 158 

19. l^aucheria. 

\ branched hlamentous non-cellular alga : clear distinc- 
tion between the gametes or conjugating bodies and the 
sexual re])roductive organs or gonads in which they me 
ju'oduced : gonads dilTerentiated mto male (spermary) 
and female (ovary): gametes differentiated into male 


(sperm) and female (ovum) : zygote an- oo.sperm ... 169 

20. Caulerpa. ^ 

Illustrates maximum differentiation of a non-cellular 
plant : stem-like, leaf-like, and root-like parts 174 


II 1 .— Organisms in wincif Complexity is attained nv Cki.l- 

MULTI PLICATION, ACCOMPANIED PY NO OR liUT LITTLE CELL- 

Differentiation. 
a. Linear aggregates. 

21. Penicilliiim. 

A multicellular, filamentous, branched fungus : mycelial, 
submerged, and aerial hyplue : apical growth : abundant 
production of s])ores by constiiction of aerial hypha; . . 184 
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22. Agaric us. 

Complexity attained by interweaving of hyphae in a de- 
finite form ; illustrates maximum complexity of a linear 
.aggregate .19* 

23. Spirogym. 

A multicellular lilamentous unbrancheJ alga : interstitial 
growth : gonads equal and similar, but gametes show 
first indieations of sexual differentiation 194 

k Superficial aggregate. 

24. Monostroma. 

Cell-division takes place in two dimensions 201 

c. Solid aggregate. 

25. Ulva. 

Like Monostroma, but cell-division taxes place in three 
dimensions 203 

IV.— Solid Aggregates in which Comtj.exity is increased 
BY A limited amount OK Cell-Differentiation. 

26. Nitclla. 

Segmented axis : nodes and internodes : appendages — 
leaves and rhizoids : apieal growth by binary fission of 
apical cell accompanied by immediate division and dif- 
ferentiation of newly-formed segmental cells : complex 
gonads (ovaries and s})ermaries) 203 

27. Hydra. 

Example of a simple diploblastic animal : cells arranged 
in two layers (ecto- and eiifloderm) enclosing an enteron 
which opens externally by the mouth : combination of 
intra-cellular with extra-cellular or enteric digestion . . 218 

28. Bougainvillea. 

Example of a colony with diploblastic zooids which are 
nutritive (hvdranlhs) and reproductive (medusae) : differ- 
entiation 01 a rudimentary mesoderm producing imper- 
fect tripoblastic condition : central and peripheral nervous 
system : alternation of generations, a gamobium (the 
medusa) alternating with an agamobium (the hydroid 
colony) ; significance of developmental stages — oosperm 
(unicellular), polyplast (multicellular but undifferenti- 
ated), and planula (diploblastic) 234 
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29. Diphyes. 

A free-swimming colony with polymorphic (nutritive, 
reproductive, protective, and natatory) 70 '.ids 248 

30. Porpiia. ^ 

Extreme polymorphism of zocids giving the colony t’.iC 
character of a single: physiological individual 2^9 

V. — Solid Agokegates in which Cet.l-Difflrentiation, ac- 
companied UY CeLL-FI'SION, taxes an important lART IN 
PRODUCING GREAT COMPLEXITY IN THE ADULT ORGANISM. 

3 1 . rolygordius. 

A triploblastic, cnelomate animal \vith mctamcric seg- 
mentation : prostomium, peiistomium, met.i meres, and 
anal segment : besides ccto- and endoderm there is a 
well developed mesoderm divided into somatic and 
splanchnic layers separated by the coelome : differenti- 
ation of cells into fibres, tVc. : muscle-plates formed as 
cell-fusions : necessity for distributing system for supply 
of food to parts of the body other than the enteric canal, 
and for the removal of waste matters : — circulatory, 
respiratory, and excretory systems : high development of 
nervous system— brain and ventral cord, afferent and 
efferent nerves : characteristic developmental stages — 
oosperm, polyplast, gastrula (diploblastic), trochospherc 
(diploblastic ^ith stomoda;um and protodePum), late 
trochospherc (triploblastic but acoclomatc) 26S 

32. Mosses. 

Ccll-differenliation very slight, but the type necessaiy io 
lead up to ferns : sclerenchyma and axial bundle : dis- 
tributing system rendered nercssary by carbon dioxide 
being taken in by the leaves, water and mineral salts by 
the rhizoids : alternation of generations — the leafy plant 
is the gamobium, the ajamobium being represented by 
the spore-producing sporogonium : developmental stages 
— oosperm and polyplast, the latter becoming highly 
differentiated to form the sporogonium 400 

33. Ferns. 

Extensive cell-differentiation : formation of fibres (elon- 
gated cells) and vessels (cell-fusions) ; general differenti- 
ation of tissues into epidermis, ground-parenchyma, and 
vascular bundles : presence of true roots : the leafy plant 
is the agamobium and produces spores from which the 
gamobium, in the form of a small prothallus, arises : 
developmental stages— oosperm, polyplast, and phyllula 

(leaf- and root -bearing stage) 412 

1 1 
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VI.— Brief Descriptions OF Examples of the Higher Groups 
OF Animals and Plants. 


a, ANIMALS. 

All are triploblastic and cfulomate. 

34. Starfish. 

Radially symmetrical : discontinuous dermal cxoskele- 
ton ; characteristic organs of locomotion (tube feet) in 
connection with ambiilacral system of vessels 306 

35. Crayfish. 

Metamerically segmented : segmented lateral append- 
ages : differentiation of metameres and appendages ; 
continuous cuticular exoskeleton discontinuously calci- 
fied : gills as paired lateral offshoots of the body-wall ; 
heart as muscular dilation of doisal vessel : cielome 
greatly reduced and its place taken by an extensive series 
of blood-spaces : nervous system sunk in the mesoderm 
and consisting of brain and ventral nerve-cord 318 

36. I\IiisscL 

Non-segmented : mantle formed as paired lateral out- 
growths of dorsal region : fool as unpaired median out- 
growth of ventral region : cuticular exoskeleton in the 
form of a calcified bivalved shell : gills as paired lateral 
outgrowtlis of body-wall : heart as muscular dilatation of 
dorsal vessel : coelome reduced to ])ericardium : nervous 
system consists of three pairs of ganglia sunk in the 
mesoderm 348 

37. Dogfish. 

Metamerically segmented : differentiatea into head, trunk, 
and tail : trunk alone crelomatc in adult : appendages as 
median (dorsal, ventral, and* caudal) and ]xaired (jiectoral 
and pelvic) fins : discontinuous dermal exoskelcton and 
extensive endoskeleton of partially calcified cartilage, 
including a chain of vertebral centra below the nervous 
system replacing an embryonic notochord : gills as 
pouches of pharynx opening on exterior : heart as 
muscular dilatation of ventral vessel : hollow dorsal 
nervous system not perforated by enteric canal 366 

' b. PLAN 7 S. 

All exhibit alternation of generations and the scries 
shows the gradual subordination of the gamobium to the 
agamobium. 
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38. Equisetum. 

Sporangia borne on sporophylls arranged in cones : 
spores homomorphic : prothalli dimorphic (male and 
female) 434 

• 

39. Salvinia, 

Spores dimorphic : mirrospore produces vestigial male 
prothalliis ; megaspore produces greatly reduced female 
prothallus ‘ 43S 


40. Sela^incHa. 

Microspore produces ’miccllular prothailus and multi- 
cellular spennai} , both endogenously : female }/rothallus 
formed in megaspore and is almost endogenous ; embryo 
provided with suspensor 442 

4 1 . GyuntosperDis. 

Cones dimorphic (male and female;, with rudimentary 
perianth : no sperms formed but microspore gives rise to 
pollen tube, nuclei in which are the active agents in fer- 
tilisation : single megaspore permanently enclosed in each 
megasporangium : female prothallus purely endogenous : 
embryo (]>hvilii]a) remains enclosed in megasporangium 
which becomes a seed 447 

42. A ngiospc) vz/.r. 

Cone modified into flower by differentiation of sporo- 
jiliylls and perianth : female sporophyll forms closed 
cavity in which megasporangia are contained : mega- 
sjiorc pioduces a single ovary represented simply l)y .’n 
ovum and two synergidm ; foimation of prothallus re- 
tarded until after fertilisation 461 


B.— SUBJECTS OF GENERAL IMPORTANCE DISCUSSED 


IN SPECIAL LESSONS. 

I.— Cells and Nuclei. 

a. The higher plants and animals contain cells similar in struc- 

ture to entire unicellular organisms, and like them exist- 
ing in either the amreboid, ciliated, encysted, or })las- 
modial condition 5^ 

b. Minute structure of cells : — cell-protoplasm, cell -membrane, 

nuclear membrane, nuclear sap, chromatin 62 

c. Direct and indirect nuclear division 65 

I I 2 
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d. The higher plants and animals begin life as a single cell, the 

ovum 68 

11.— BlOGIsNESlS. 

a. Definilion of Vio.;encsis and alnogenesis ; briof history of 

the controversy 95 

b. Crucial experiment with putrescible infusions : sterilisation : 

germ-filters : occurrence of abiogenesis disproved under 
known existing conditions 9S 

III. — Homogexesis. 

Definition of homogenesis and heterogenesis ; truth of the 

former firmly established 102 

IV. — Origin of Species. 

a. Meaning of the term Species : the question illustrated by a 

consideration of certain species of Zoothamniiun .... 137 

b. Definition of Creation and Evolution : hypothetical histories 

of Zoothamnium in accordance with the two theories . . 141 

r. The principles of Cla.ssification : natural and artificial 

classifications 14 1 

d The connection between ontogeny and jdiylogcny 146 

V.— Plants and Animals. 

a. Attempt to define the words plant and animal, and to place 

the previously considered types in one or other king- 
dom 176 

b. Significance of “ tliird kingdom, ” Protista 182 

C/ 

VI. — Spermatogenesis and Oogenesis. 

Origin of sperms and ova from primitive sex-cells : differences 

in structure and development of the sexual elements , . 253 

VII. — Maturition and Impregnation. 

a. Formation of first and second polar cells and of female 

pronucleus 257 

b Entrance of sperm and formation of male pronucleus . . . 260 

c. Conjugation of pronuclei . 3^0 
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VIII.— Unicellular and Diploblasti:: Animals. 

In plants there is a clear transition, from nnicellular forms to 
solid aggregates, but in animals the connection of the 
gastrula with unicellular forms is uncertain 261 

• 

C. — Other matters of general importance, such as the composition 
and properties of protoplasm, cellulose, chlorophyll, starch, See. : meta- 
bolism : holozoic, holophytic, and saprophytic nutrition : intra- and 
extra-cellular digestion ; amoboid, cilinry, and muscular mo’Tinents : 
the elementary physiology of muscle and nerve : parasitism and sym- 
biosis : asexual and sexual generation : and the elements of embryology 
—are discussed under the various types, and will be most conveniently 
referred to by consulting the Index. 
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A 

<lbdomen, C'r.nyfish, 318 
AblOgen'esiS (a, not; / 3 to<?, life: yiY’ecnv, 
origin), the origin of organisms from 
not-liv!;’ matter; former "belief in, 96 
Absorption liy root-hairs, 409, 422 
Accretion {ad, to: cn’Sto, to grow), in- 
crease by ad'lition of successive layers, 

Achroni'a.tin (a, not ; xpusixa^ colour), the 
consliluenl of the nucleus which is un- 
alTected or but slightly affecud liy dyes. 
See iiucleai sap 

Acoelom'ate (a, not: KoiAoj/i.t, a iiollow), 
having no C(ei()me (.7.7/.) : 299 
Adduct or muscles, IStussel, 354 
Aerob ic air ; ^105, life), s iplied to 

those mienjbes to which free oxygen is 
unnecessary, 93 

Agamob'iura (a, not : ya^o?, marriage : 
( 3 lo<;, life), the asexual generation in or- 
ganisms exhibiting alternation of gene- 
ra! fr r ) 

AGAR ICUS tiiui^’hroorn) : — I*"igure, 192 : 
general characters, 191 : microscopic 
structure, 193 : spore-formation, 193 
Alg8B(n:4’«, sea-weed), i6g, 432 
Alternation of Generations, meaning of 
tile phrase explained under Bougain- • 
villea, 248 : Moss, 408 ; Fern, 429 : 
Kcpiisetum, 438 ; Salvinia, 442 ; Selagin- 
ella, 446; Clymnospenns, 460: Angio- 
sperms, 476 

Ambula'cral {aiuhnlacruju^ a walking 
place) groove, 307; ossicles, 308 ' system, 
starfish, 309 — 313 

AMCEB'A (a/uKx/So?, changing): — Figure, 

2 : occurrence and general characters, i ; 
movements, 4, 9 : species of, 8 ; resting 
condition, 10: nutrition, 11*. growth, 
13: respiration, 17 : metabolism, 17: re- 
production, ig ; immortality, 20: conju- 
gation, 20: death, 20, 21 : conditions of 
life, 21 : animal or plant? 180 


Ammb'Oid movements, 4 
Amoeb'ula (diminutive of Amoeba), the 
amoeboid germ of one of the lowet or- 
ganisms, 51, ^4 

Anab'olism (avajSoAi), that which is 
thrown up). See Metabolism, construc- 
tive. 

Anaerobic (a, not: d>/p, air: jSto?, life), 
applied to tho.se micrcdies to which free 
oxygen is unnecessary, 93 
An'al {anus, the vent) segment, Poly- 

gordius, 270 

An'al spot, Paramcecium, 113 
An'astates (di'acrraTO?, from ai/acTTrji'aL, 
to rise up). See Mesostates, anabolic. 
Anatomy (dvaTe/af^w, to cut up), the study 
of the structure of organi.sms as made 
out by di.ssection, 289 
Androe'eium (dvijp, a male : ot/co?, a 
dwelling), the collective name for the 
male sporophylls in the flower of Aiigio- 
sperms, 464, 471 

AN'GIOSPERMS (ayycioj/, n vessel : 
(TTrep/xa, seed); — Figures, 462,465, 467, 
470, 472 : general characters, 461 ; 
strc.cture of flower, 463 ; reduction of 
gamobium, 474 : pollination and fertiliza- 
tion, 469, 475 : formation of fruit and 
seed, and development of the leafy plant, 

Animal , definition of, 179 
Animals, classification of, 320 
Animals and Plants, cotMarison of type 
forms, 176: discussion oMouhtful forms. 

i8u 


Animals, Protists, and Plants, houn 
duries between artificial, 182 
Annual Rings, 450 

Anodonta (a not : bSovg, a tooth). Sec 
Mussel 

Antenna {^antennn^ a sail-yard), 325 • 

Antennary Gland. See Kidney 
Antennule (dim. of antenna), 325 
Anther, 454, 464, 466 
Antherid'ium. Sec Spermary. 
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Antberozo'id. See Sperm. 

Antipodal cells, 474 
An'US {anus, the vent), the posterior aper- 
ture of the enteric canul, 270 
Ap'lcalcell: — Penicillium, 190: Nitclla. 
208 ; Moss, 403 : stem of Fern 418 : root 
of Fern, ; prothallus of Fern, 425 
Ap ical cone, Fern, 418 
A'pical growth, 190,419 
A pical mer'iStem, a mass of meristem 
((/ 7' ) at the apex of a stem or rout, 418, 
421 

Appen dages, lateral crayfish, 321 tdog- 
flsll, 369 

Archegon'ium {apxVi besinnin^; : yoi'of, 
production), the name usually given to 
the ovary of the higlier jilants 
Aristotle, abiogenesis taught by, 96 
Arteries, Crayfish, 337 ; Dogfish, 384 
Artlirobrancliia(ap6poi', a joint : ^payxea, 
gibs), 3^7 

Anthropoda, the, 306 
Artificial reproduction of ifydra, 231 
Asexual generation See Agamoliium 
Asexual reproduction. See Fi‘^sioI!, 
Budding, Spore. 

Asparagin, 410 

Assimila'tion to mahe like), the 

conversion of food materials into living 
protoplasm, 13 
Ast'acus. See Crayfish. 

Astenas. See Starfish. 

Astrosphere, 65 

At'rophy (a, without ; Tpo<J>rj, nourish- 
ment), a wasting away, 1 18 
Auditory organ, Crayfi.sh, 342 : Mussel, 
363 ; Dogfish, 395 
Aur icle. See Heart. 

Autom'atism (auTOjaaro?, acting of one’.s 
own v\ill), 10, 244 
Axial Bundle, Moss, 403 
Axial fibre, Vorticella, 129 
Axil (aA-///a, the arm-i)it), 206 
Axis, primary and secondary, 206 

B 

BAOCL'LnS {bdellium, a little staff), 85 
Figure, 87 

BAUTER'IA OaxT^pioi/, a little staff) or 
MICROBES (jULifcpos, small ; / 3 io?, life); — 
occurrence, 82: structure of chief genera, 
84 : reproduction, 87 : nutrition, So 
ferment-aciioii, 91 ; parasitism, 92 ; con- 
ditions of life, 92 : pre.sencc in atmus- 
nhere, 102 ; animals or plants? 1S2 
BACTERIUM tenno (Figures) 83, 84 
Baer, von, i,aw of Develo])ment, 43 
B'arnacle-geese, supposed heterugenctic 
Viroduction of, 103 
Bark. See ('01 lex. 

Bast. See Phloem. 
Bionomlnalmenclature, 8, 139 
Biogen'esis, (Ptos, life: yeVeo-is, origin), 


the origin of organisms from pre-existing 
organisms, 96 ; former belief in, g6 : early 
experiments on, 97 ; crucial expcruueui 
on, 98 

BioFogy (Pto?, life ; Aoyo^, discussion), 
the science which treats of living things 
Bipinnarla, larva of Starfish, 317 
Blast'ocosle (jlAaTTci?, a bud ; fcoiAov, a 
hollow), the larval body-cavity, 205 
Blood, Polygordius, 2S0 : Craylisb, 341 : 

Mussel, 362; Dogfish, 390 
Blood-corpuscles ;"coloui less, sec Leuco- 
cytes; red, 56, 390; Figures, 57 
Blood-vessels, Polygordius, 282 ; develo)»- 
ment of, 302 : Starfish. 314 : Crayfi.sh, 
337 : Mussel, 360 : J )ogf sh, 384 
Body-cavity. Sec Blaslocmlc and Coe- 
lome. 

Body-segments. See Metamcres. 
BOUGAINVILLEA (after L. A. de Bou- 
gainville, the French navigator : — 
Figure, 233 ; occurrence and general 
characters, 234 ; micro.scopic structure, 
236 ; structure of medusa, 239 ; slnicture 
and functions of nervous system, 242 ; 
organs of sight, 244 : reproduction and 
development, 245 : alteration of genera- 
tions, 248 

Bract {hractea, a thin plate), 249 
Brain; — Polygordius, 283; trochosphere, 
296: Crayfisli, 341 : Dogfish, 391 
Branch, NuelUgWi 
Branch ia {^pdyyia, gill), .Sec (Jill. 
Branchial apertures, Dogfish, 368, 381, 

Browne, Sir Thomas, on ablogenetic origin 
of mice, 96 

Buccal {bitaa, the cheek) groove, Para- 
mcecii'ni, 109 

Bud, budding, Sm'churomyces, 73 ; com- 
parison of with fission, 73 : Hydra, 233 
Bundle-Sheath. .See Endodermis. 
Buttercup, flower, 464 (Figure) 

C 

jCalyp'tra (/caAvir-rpa, a veil), 407 
Cal yx (icaAuf, the cup of a flower), the 
outer or proximal whorl of the perianth in 
the flower of Angio.sperms, 4O4, 471, 473 

Cambium, 450 

Canals, radial and circular, medii.sa, 239 
Canal-cells of ovary, 405, 426 
Cap-cells of roots, 422 
Carapace, Crayfish, 318 
Carbon dioxide, decomposition of bj 
chlorojihyll bodies, 29 
Cardiac division. See Stomach. 
Car'pel(/fap7ro?, fruit), a female sporophyll, 
453 , 45b, 4 ^ 4 , 467 
Car tilage, 372 

CAULER'PA («-ayAox, a stem ; ipnoj, to 
creep), 175 (Figure) 

Cell {cella, a closet or hut, from the first 
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conception of a cell having been derived 
from the walled plant-cell, meaning of 
term, 6i ; minute structure of (b igure), 
62 : varieties of (Figure), 57 
Cell-aggregate, meaning of term, i88 
Cell-colony : — temporary, Saccharomyces, 
77 : permanent, Zootliamniuni. 135 
Cell-division, 65 (Figure) 

Cell-fusion 3< 2, 419 
Cell-layer, 222, 273 
Cell-membrane or wall, 10, 2;, 63 
Oell-multlplication and differentiation, 
215 : Polygurdius, 302 ; Fern, 419 
Cell-plate, 67 
Cell-protoplasm, 62 
Cell'ulOSe, comp'^'sdion and yiropertics of 
28 

Central capsule, Radiolaria, 152 
Central particle orCenlrosomefKtVTpoi/, 

cenue ; a-C'iia, the body), 65, 261 (Fig- 
ure) 

Ceph^alothor'ax (Ke(/)aAij, head : 6><opaf, 

breasl-,.!ate)j t'rayfish, 318 

Cerebral ganglion. See' Brain. 
Cerebro-pleural ganglion, Mu-^scl, 362 
Cheliped (x'?a^, claws : ttov?, foot), 323 
Chlor ophyll (xAtjpo?, green : </)uAAoe, a. 
leaO, the green colouiing matter of 
plants, properties of, 6, 31 ; occurrence 
in Bacteria, 87: in lij'dra, .-28 
Chrora'atin (xpw/ua, a' rob •ur), the con- 
stituent of the nucleus '>l.i h is deeply 
stained by dyes, 7, 63 : male and female 
in nucleus of oosperm, 261 
Chrom'atophore (xpw/aa, co' ur : <j!)epto 
to hear), a mass of proteid material iin- 
pi egnated with chlorophyll or some other 
colouring matter, 26, 46, 797, 207, 228 
Chromosome (xpwjaa, colour ; o-wp-a body), 
65, 66, 261 

Cil'ium (c/V/Vr///. an eye-lash), defined, 
Innate ; comparison of witli pseudopod, 
3 y, 52 : absence of cilia in Arthropoda, 
327 

Ciliary movement, 25 : a form of con- 
tractility, 33 

Cillate Infusor ia, T07 t 

Circulatory organs, Polygordius, 282 : 
Crayfish, 337 : Mussel, 360 : Dogfish, 
384 

Classification, natural and artificial, 141 : 

natural, a genealogical tree, 145 
Cnid'Oblast {Kvihi], a nettle ^Amo-To?, a 
bud), the cell in which a nemalocyst 
(cj V.') is developed, 227 
Cnid'ocil ((ci^tfiTjand cihnvi), the “ triggei- 
hair” of a cnidoblast, 227 

Coelenterata, the, 305 
Coelome (KOi'Awjaa, a hollow), tlie hody- 
cavity ; — Polygordius, 270: .Starfish, 
306; Crayfish, 335, 343; Mussel, 355; 
Dogfish, 372 : development of, Poly- 
gordius, 299 

Coelom'ate, provided with a oeelome, 2^3 


CcBlomic epithelium. See Epithelium. 
COBlomiC fluid, Polygordius, 278 
Cll'lOidS (KoAAa, glue: elfios, form), pro- 
perties of. 6 

Colony, Colonial organism, meaning of 
lerm,_ 135. 234 *• fo mation cf temporary 
’lif s iivii .. I • 

Ooluiuel la (.1 li 162 

Com'iniSSUre {iommissura^ a band), 2'’g 
Compound organism See c:olony. 
Concres'cenc© (..//;//, together ; '-rc'. a, to 
grow), the tin on of parts during growth 
Cone, an axis bearing sporophyl's laiiii- 
-setum, 436 : Selaginella, 444 ; Cymnu- 
sperms, 452 

ConjUga''tion(<:£>/(/Vr.t’^<^F//, 7 , a cotudi ;), I tie 
union of two cells, in sexual reptoduc- 
tion : -Amoeba, 20 : Heterornita, 41 : 
I’nramrecium, 114; Vorticella, 132: 
Mucor, 165’ Spiiogyra, 198; of o\iuri 
and sperm, 260; muruecious and di(e- 
clons, 199 : coniiiansoii with plasrnodium- 
forniation, 54 

Connective, oesophageal, 283, 341 
Connective tissue, 3;-9. 369 
Contractile vacuole empty):-- 

Amoeba, 8, 16 : Etiglena, 47 : J’araiu v- 
cinm. III 

Contractility {contraction a drawing to- 
gether), nature of, 10, 34 : imisculai, 
1 3 <-‘ 

Contraction, physical and biological, 10 

Conus artinosus, 384 
Cork, 449 

Cork-cambium, 451 

Corolla {edrolia, a little wreath), the 
inner or disttd whorl of the perianth in 
the flower of Angiospenns, 464, 46S, 471, 
„473 

Corpuscles. See P>]()od-cor| nsclts, aiifi 
I em oevt. s. 

Cortex, cor tical layer {coi'tox^ barl), 
Fhjweiing plants, 59, 448: Infusoria, 
no, 126 

Cotton-wool as a germ-fitter, 99 
Cotyle'don (kotvAt/Swi/, a cup or soebet), 
the first leaf or leaves of tlie phyllula 
{g.v.) in vascular ])lauts, 427 

Cranium (KpavCov, the skull), 374 
CEAYPISH : — Figure. 319: general charac- 
ter-.. 3x4, 315 : limited number and con- 
cre.scenceof metameres (Figure), 320 : ap- 
pemlages (Figure), 322 ; exoskelelon, 
319; enteric canal (Figures), 3/2 ' gills 
(Figure), 318: blood-system (Figuic,) 
335, 337 : kidney, 337 • nervous system, 
310 ; Musrle.s (Figures), 327 : reproduc- 
tive organs, 343: develojiment, 343 , 

Creation {croo, io product), definition of, 
141 : illustr.'ited in connecton with speeie.s 
of Zoothainnium (Diagram), 142 
Cross-fertilization : applied to tiic .sexual 
process when the gametes spring from 
different individuals, 199 
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Cryst'alloidS (Kpva-raWog, crystal : eiSog 
form), properties of, 6 
Cuticle {cuticida^ the outer skin), nature 
of in unicellular animals, 45, 109*. in 
multicellular animals, 238 
Cyst (KiiffTi?, a bag), used for cell-wall in 
many ct^es, 10, 51 

D 

Dallinger, Dr. W. H , observations on an 
apparent case of heterogenesis, 103 

Daughter-cells, cells fui med by the fission 
or gemmation of a mother-cell, 35, 67 
Death, phen '■mcna nttr” ’in.’'. 20, 21, 166 
Decomposition, nai ! - : 91 

Dermal gills, .'see Jsespn .iU>ry Coeca. 
Dermis (Sepfia, skin), the deep or connec- 
tive tissue layer of the skin, 3.^6 ^ 
Descent, doctrine of. See ICvolution. 
Development, meaning of the term, 43. 
For develoiiment of the variou.s typo*, 
see under their names 
Dextrin, 113 
Diastase, 81 

Diast'ole (fitaare'AAw, to .separate), the 
phtLSc of dilatation of a heart, contractile 
vacuole, (kc., iix 

DIATOMA'C£.£ (5taTi'/arw, to cut across, 
because of the division of the shell into 
two valves), 155; Figure, is6 
Dlat'omln, the characteristic yellow colour- 
ing matter of diatoms, 154. T55 
Dichot omous (SiX0T0p.<:iD, to cut in two), 
applied to branching 111 which the stem 
divides into two axes of eipial value, 318 
Differentia'tlon {diffh-o, to carry different 
ways), explained and illustrated, 34, 119 
Digestion \digero^ to arrange or digest), 
the ]jrocess by which food is rendered fit 
for absorption, 12, : intra- and extra- 
cellular, 229: contrasted with a.ssimila- 
tion, 230 

Digestive gland, 335, 355, 382 

Dimorph'ism, dimorph'ic (Sif, twice: 
fiop(pij, form), existing under two forms, 
35, 136, 242, 438, 442 _ 

DiOS'OlOUS (di'v, twice : olxo?, a dwelling), 
applied to organisms in which the male 
and female organs occur in difierenl in- 
dividuals, 199 

DIPH'YES (5 i 0 ut/s, double) : Figure, 250 : 
occurrence and general characters, 248 : 
])olymorphism, 249 

Diploblasilo (SittAoo?, double : iSAacrros, a 
bud), two-layered : applied to animals in 
which the body consists of ectoderm and 
'endoderm, 236 : derivation of diploblas- 
tlc from unicellular animals, 261 
Directive sphere, see also Astrosphere 
Disc, Vorticella, 128 

Dispersal, means of : in internal parasite, 
124 ; in lixed organisms, 132, 134 


Distal, the end furthest from ih point of 
attachment or organic base, 12O 
Distribution of food-materials —in a 
complex animal, 278 : in a complex 
plant, 409 

Divergence of character, 145 
Division of physiological laootir, 34 
DOGFISiI ; — Figure, 367 ; general charac- 
ters, 368 : exoskeleton, 369 : endo- 
skelclon (Figure.s). 372 : enteric canal 
(Figures), 381 : gills, 383 : blood-system 
(Figures), 384 : kidney, 396 : gonads, 
396 ; nervous system and sense organs 
(Figure), 391 : development (Figure), 
397 

Dry-rigor, stiffening of protoplasm due to 
ab.slraction of water, 21 


K 


Eedysis (eKSvtTig, a slipping out), 325 
Echinodermata, the, 305 
Ect oderm (txTos, outside ; ficpiaa, skin), 
the outer cell-layer of diploblastic and 
triploblastic animals, 222, 275 
Ect'OSarC (fxrov, outside : crdp$, flesh), the 
outer layer of pr Mpla-un in the I nver 
unicellular •'iga-.i-iii', (.'isii; by 

freedom from granule.s, 4 
Egest'ion {egero, to expel), the expulsion 
of waste matters, 12 
Egg-cell. See Ovum. 

Elater, 436 

Em'bryo {ffxppvov, an embryo or fetus), 
the young of an organism before the 
commencement of free existence. 
Em'bryo-sac. Sec Megaspore. 
Encysta'tion, being enclosed in a cysl 
(.</ J’.) 

Eud'oderm (euBov, within : B^pp-a., skin), 
the inner cell-layer of diploblastic and 
triploblastic animals, 222, 228, 275 

Endodermis, 418 
Bnd'oderm-lamella, Medusa, 240 
Endogenous (ei^Sof, within : yCyvofiai, to 
come into being), arising from within, 
the roots of vascular jilants, 422 
Endophragmal System {evSou, within : 

il)pdyfxcL, protection), 321 
Endopodj it© (eySoy, within , ttovs, foot), 323 
End'osarc (eySoy, within : crapf, flesh), 
the inner, granular protoplasm of the 
lower unicellular organisms, 4 
EndoskeVeton (ev6ov, within, and skcleiou, 
from (TiceAAw, to dry), the internal skele- 
ton of animals, 372 

End '0 sperm (fVfiov, within : <Trrlpp.a, seed), 
nutrient ti.ssue formed in the megaspore 
of Phanerogams, 459, 476 
Energy, conversion of potential into 
kinetic, 15 : source of, ju chlorophyll- 
containing organisms, 31 



INDHX AND GLOSSARY 


493 


Enter'lC (efrepov, intestine), canal, the 
entire food-tube from mouth to anus ; — 
Polygordius, 270, 276 : Starfish, 312 ; 
Crayfish, 332 ; Mussel, 355 ; Dogfish, 381 
Ent'eron or Enteric cavity, the simple 
digestive chamber of diploblastic ani- 
mals, 222 

E]}idenills (eVi' upon : S^pixa, the skin) : 
in animals synonymous with deiic ej>i- 
theliuni(5>.7L, undt r Epilhehum) : in vas- 
cular plants a single external layer of 



Epithilial cells : columnar, 58 : ciliated, 
59 

EpltheriTim (eVt, upon ; the nipple), 
a cellular membrane bounding a free 
surface, 244 ; CGslomic, 274 : deric, 
273 ; enteric, 274 

EQUISE'TUM {equus, a horse: scia^ a 
bristle) ’.—Figures, 435, 437: general 
chai.*i..ers, 434: cone and sporophylE, 
436 : male and female prothalli, 437 : al- 
ternation of generations, 438 

Equivocal generation. See Abiogenesis. 

EUGLEN'A ( euyAijro?, bright-eyed) : — 
Figure, 45 : occurrciif e and general 
character',, 44 : movements, 44: struc- 
ture, 45: nutrition, 4 ‘o: jesting stage, 
47: reproduction, 48: n’lunal or plant? 
1 80 

Euglen'old movements, 45 

Ev'olution (^volvo^ to roll out), organic : 
definition, 143 ; illustration - ■* in connec- 
tion with species of Zoothamnium (Dia- 
gram), 144 

Excre'tion (excerno, to separate), the 
separation of waste matters derived from 
the destructive metabolism of the or- 
ganism, t6 , 2?'! 

Exog'enous (ef, out of; yiyvofiai, to comc 
itiio being), arising from the exterior, 
^ leaves, 422 

ExopOdite (e^o), outside : TTOuv, foot), 323 

Exoskel'eton (efw, outside, and skeh'ton, 
from a-KeWbi to dry), fhe external 
skin-skeleton ; cuticular, 238, 273 : der- 
mal, 308, 327, 350, 369 

Eye, Crayfish, 342 ; Dogfish, 394 : 

Eye-spots or Ocelli Medusa, 244 : 

Polygordius, 296 
Eye-stalks, 321 

F 

Faeces ( faex, dregs), solid excrement, 
consisting of the undigested portions of 
the food, i6 

Ferm'ent {fepnentum, yeast, from/t'r- 
veo. to boil or ferment), a substance 
which induces fermentation, i.c. a 
definite chemical change, in cert.ain sub- 
stances with which it is brought into 
contact, without itself undergoing 


change : unorganizt 1 and organized 
ferments 80 . alcoholic, 76 : ace- 
tous, 91 : diastatic or amylolytic, 81 : 
lactic, 01 ; peptonizing or proteolytic, 
81 : putrefactive, 91 ; ferment-celL of 
Mucor, r68 

FERNS ; -Figures, _ 414, 4^4; gencrul 
characters 412 : histology of stem, leaf, 
and root, 415: nutrition, 422: spore- 
formation, 422 : prothallus and gonads, 
425 : dovelopmeiit, 426: aUe>nafr)n of 
generations, 429 

Fertilization {fc7'tih's, hearing fruit) ; 
the process of conjugation of a sperm or 
spei n-nucleus with an ovum, whereby 
the latter is rendered capable of ’evt lop- 
nicnt : a special case of conjugation 
(<7,7/.), 199 : details of process, 260 : in 
Vaucheria, 173 : in Gymnosperms, 458, 
in Angiosperms, 475 
Filtering air, method of, 99 
Fins, Dogfish 369 

Fission {/issio, a cleaving), Simple C” 
binary, the division of a mother cell 
into two daughter cells : in Amoeba, 10 ; 
Heteromita, 40 : animal- and plant-cells 
generally, 65 : Paramceemm, 114 ; 
Vorticella 131 

Fission, multiple, the division of n 
mother cell into munerous daughter- 
cells : — in Heteromita, 42 : Proiomyxa, 
51 : S.accharoinyces, 74 
Fission, process intermediate lietween 
'..imple and multii'le, Opalina, 124 
Flagellum. See Cilium. 

Flag ellate Infusoria, 107 
Flagell'Ula (diminutive o'i^^flagcUiwi)^ the 
flagellate germ of one of the lower 
organisms (often called zoospores, 5:, 54 
FlagelFum a v, liip) idcfinedi 

25 . transition to pseudopod, 52, 228^ 
Floral receptacle, the abbreviated axis of 
an angiospermous flower 464, 471, 473 
Flower, a specially modified cone 

having a shortened axis, which bears 
perianth-leaves as well as sporophylls, 
463 : often applied to the cone of Gjnnno- 
sperms, 452 

Food-current, Mussel, 359 
Food- vacuole, a temporary space in the 
protoplasm of n cell containing water 
and food -part ides, 11, ir2 
Foot : of Mussel, 349 : of phyllula of fern, 
427 

FORAMINIF'ERA {foramen, a hole ; fero 
tobear),i48 : Figures, 149, 150, 151 
Fragmenta'tlon of the nucleus, 120 
Fruit of Angiosperms, 476 ^ 

Func'tlon a pti forming), mean- 

ing of the term, 9 

G 

Qam'ete (yaiiiu>, to marry), a conjugating 
cel4 whether of indeterminate or deter- 
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mlnatc sex : — Heteromita, 41 : Mucor, 
: SnintTYra. t 98 : Vaucherla 173 
Gamob ium (y lyos, marriage : /Sio?, life), 
the sexual generation in organisms ex- 
liih'ting ;ilt-‘rr;)tion of 'ra*' -n-f r r- ) : 
]>i •.;ic-->i\e I1-, t 1 1 > ■■ 

biuin in \i,ascular i)lants, 4i>Q, 440, 444, 
45B, 474 

Ganglion (yayyXioVy a tumour), a swelling 
on a nerve-cord in which nerve cells are 
accumulated, 341 

Gastric juice (yaa-Tr'ip, the stomach), pro- 
perties of, 12 

Gastric mill, 334 

Gastrolith (yaa-TT^p, stomach ; Aidos, 
stone), 334 

Gast'rula (diminutive of yaarrip, the 
stomach), the diploblastic stage of the 
animal embryo in which there is a diges- 
tive cavity with an external opening : 
characters and Figure of, 295 ’.contrasted 
with phyllula, 428 

Gemma'tion a l)ud). See Bud- 

ding. 

Genera'tion, asexual, See Agamohium, 
Generation, sexual. See (hunobium. 
Genera'tions, Alternation of. See Al- 
ternation of generations. 

Generative cell, 4 55 
Generative nucleus, 474 
Gen'eralized, meaning of term, 140 
Ge'nus (^rnus, a race), generic name, 
generic characters, 8, 139 

Germ-filter, 99 

Ger minal spot, the nucleolus of the 
ovum, 257 

Germina'tion i^genuinatio, a budding), 
the sprouting of a sjmre, zygote, or 
oosperm to form the adult plant : for 
germination of the various types sec 
under their names. 

Gill, an aciuatic respiratory organ. 335, 357, 

383 

Gland (^glans^ an acorn), an organ of 
.secretion : gland-cells, 228, 

278 

GlOChidlum, larva of Mussel, 365 
Gon'ad (761/os, offspring, seed), the essen- 
tial organ of sexual reproduction, 
whether of indeterminate or determinate 
sex, i.c. an organ producing either tin- 
difl'ereiitiated gametes, ova, or sj)erms ; 
see under the various types, and espe- 
cially 172, 198, 2tl, 290 
Gon'oduct {j^onad and dilco, to lead), a 
tube carrying tlie ova or sperms from the 
gonad to the exterior, 292 
Grapping-lines, Diphyes, 249 
Green gland. See Kidney 
Growing point ; Nitella, 208 ; Moss, 403 : 

Fern, 418; Gymno.spcrm.s, 452 
Growth, 13 

Guard-calls of stomates, 421 

Gullet, the simple food-tube of Infusoria, 


47, no: or part of the enteric canal of 
the higher animals, 277 
GYM'N 0 SPERMS(yw/ui/ 6 s, naked :(rrr 4 pp.a 

seed) : Figures, 449, 453, 455, 456, 457 : 
general characters, 447 : structure and 
growth of stem, 448 : strvicture of cones 
.'ir. 1 sp, .-, . }-.? : reduction of gamo- 

b-- 'd-: ' i.eis). 4''o : pollina- 
II'* f' ! : >:i. ; , ‘■■imation of 
-« '1 .1 . 1 d- 1 .,-.i I i! h- 1<^ ji'ant, 459 
Gynoec'ium {yw^, a female '. olxos, a 
tlwelling), the collective name for the 
female s])orophylls in the flower of 
Aiigiospenns, 465, 471 


H 

Hsam'atochromo (ac/xa, blood : xpiojiia, 
colour), a red colouring matter allied to 
chloroyhyll, 26 

HiEMATOCOC'CUS ai|u.a, blooil ; koxko? 
aherry). — J'irnr- . ’}• "! svi' r . 

23:rateof]'i -1 !. .nvic ■ 

menis, 23, 33 : colouring matters, 26 ; 
motile and stationary phrases, 28 : nutri- 
tion, 28 : source of energy. 30 reprodiu’- 
tion, 35 : dimorphism, 35 : animal or 
plant? 180 

Hsmoglob'in (aTp,a, blood : globus, a 
round body, from the circular red cor- 
puscles of liuman blood), 58 : jiroijcrties 
and functions of, 280 

Head-kidney ; trochos])hcre, 297 
Heart : — Crayfish, 337 ; Mussel, 360 ; 
Dogfish, 384 

Heat, evolution of liy oxidation of proto- 
plasm, 17 

Heat-rigor {rigor, stiffness), lieat-.stifTen- 
ing, 21 

Heliotropism, 168 

Hepato-paucreaS (^vap, liver : rrayKpta^, 
sweetbread), 335 

Heredity {hereditns, heirship), 147 
Hermaph'rodite (t-puac/ipo^iro?, from 

He-ni“s A-'hrodhi') '•^cc Al' ryrv'j-'i-.:. 

^Hetorogen osis ■h:!. :, ■ : : -j.n'r-s, 

origin), meaning of term, 102 : supposed 
cases of, 103 ; not to he confounded with 
metamorphosis or with evolution, 104 
HETEROMITA (erepo?, differenl : /utTo?, 
a thread);- Figure, 38 : occuirence and 
general characters, 36 : movements, 37 : 
nutrition, 37 : asexual reproduction, 40 : 
conjugation, 41 : development and life- 
history, 42, 43 ; animal or plant? 181 
High and low organisms, 106 
Higher (triploblastic) animals, uniformity 
in general structure of 304 
Higher (vascular) plants, uniformity in 
general structure of, 431 
HiStoFogy {Icrriov, a thing woven ; A6yo9, 
a discussion), minute or micro.scopic 
anatomy, 289 
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Holophyt'iC (o\og, whole : a plant), 

nutrition, defined. 31 

Holozo'iC (eiXo?, whole ; ^u)or, an a fimrd), 
nutrition, defined, 31 

Homogen'esis (o/mds . the same: yeyea-ig 
origin), meaning of tlie term, 102 

Homdrogousfo/ULOAOYO?, agreeing), a])plied 
to parts which have liad a romtnon 
origin, 242 

Hombmorph ism homomorphic (o/xos, 

the same : /mopi/jTj, form), exi.sling luuler 
a single form, 1 ',9 

Host, term ajijilied to tin organism upon 
wliich a parasite ])reys, 12; 

HYDRA (vSpa, a w.iler-',! rptnt) : I'igiiies, 

219, 223, 225, 232: oc.cnrreiK eand general 
ch.vracters, 218 : s]>e(:i('s, 220 • move- 
ments, 220 ; mode of feeding, 221 : m.cro- 
scopic .structure, 221. ; digestion, 229 : 
asexual, artificial, and sexual reproduc- 
tion 230 ; (le\elopment, 233 

Hydr'anth (vSpa, a water-serpent ; av6og, 
a flow' the- luitritix e/ooid of a hydroid 
polype, 236 

Hydroid (vSpa, a water-seriJent ; ddog, 
form) Polypes (TToAiiTTo.'*;. many footed', 
compound 01 ganisms, the/ooidsof which 
have a general resemhl.ince to Hydra, 

234 , , 

Hyper trophy (uTrep, over ■ nourish- 

ment), an increase in sv,. heyond the 
usual limits, iiS 

Hyph a (v(j>aii‘(o, t(r weave) tg.jilied to the 
se]^arnt(' filameiils of a fungus : they 
may h( mjcelial (see m>ce' nm), sub- 
merged, or aerial : Mucor, lOoi Pcni- 
cilliun’, ifi 5 

Hyp'odermib (i'-tto, under : Scpfia , skin), 
Kern, 41 p 416 

Hypostome {hno, under : o-rn/xa, mouth), 

220, 2 j6 


I 

Immortality, virtual, of lower organisms^ 
21 

Income and expenditure of protoplasm, 
18 

Individual. See Zooid. 

Individuation, meaning of the term, 230, 
232 

Induslum {hidnsluiit, an undci -garment, 

423 , . 

Inflores'cence {foresee, to hegm to 

fh^wer), an aggregation of cones or 
flowers, 454 

Infusoria (so called because of their fre- 
quent occurrence in infusions), 107 
Ingesta {ingero, to put into) and Egesta 
{egcro, to expel), balance of, 32 
Ingestion {ingero, to put into), the taking 
in of solid food, ix 
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Insola'tion {itjsolo, to ] ace in di.. sun), 
exposure to direx l sunlight, 94 
Irteg'ument {rnteguotcntuvi^ a covering) 
of niegasporc : Gymiiospcr.iis, 456 : 
Angiosperms, 

Inter-cellular spaces, 4x3 
Inter-muscular plexus (rAr^w. toivine), 

luternode (jnii 7 \ lielA-een; 7iodiis^ a 
knot), the portion of stem intervening 
htitween two nodes, 205 
Interstitial (intc^si/tnuii, a S])ace be- 
tween) cells, Hydra, 224: growth, 
Spirogyra, 198 

Intestine {i/tfesiJnns, internal), part of 
the enteric canal of the higher a imms, 
277 

Intus-suscop'tion {iat./s, into: st(sn‘/>io, 
to take up), addition of new matter to 
tiic interior, 13 
Iodine, test for Stxirt h, .7 
Irritability (/h ? ila h ! /\s\ 1 1 ri ! ahl c , t h (' 
property of respundmg to an cxtein.al 
stimulus, 10 


J 

Jaws : Crayfish, 324 : Dogfish. 568, 375 


K 

Karyokines is (/fapeoe, a kernel or nn- 
tleus: KtvT](rig, a movement), indirect 
nucle.ar division, 67 

Katab'olism (x-aTa^oA?), a lajinL? down), 
x8 See IMetalxdism, dcsinictivc 

Kat'astates (/caTacmjrat, to '■hik down), 

x8. See Mcsosiaies, katah In. 

Kidney ;—-Craylish, 337; Mussel, 359: 
J 'ogtish, 390 


L 

Labial palps. Mussel, 355 
Larva, the free-living young of an animal 
in which devcloi»meiit is accompanied by 
a metamorphosis, 293 

Larval stages, significance of, Polygor* 
dins, 3CJ3 

Leaf, structure of -Nitella, 205, 207: 
Moss, 403: Fern, 420' limited growih 
of. 2 x r 

Leaflet, Nittlla, 207 
Leg, Cl ay fish. 324 

Lept'0th’riX(At7rr(k-. slender ; 0 pi^, a hair), 
filamentous condition of L.acillns, ^9 : 
Figure, 87 

Leuc'oeyte fAev^d? white : kvto^ a hollow 
X ee”\ .1 ' ■..-k 1 ’ ' ‘ii ■ oipi.-i : 

-.III:.:;:-. ■-i, :i x.ni 

(Figures), 57 ; ingestion of solid par- 



496 


INDEX AND GLOSSARV 


tides hy, 58 : fission of, 58 ; formntion 
of plasmodia by, 58 

Leuwenhoeky Anthony van, discoverer 
of Bacteria, 97 

Life, origin of. See Biogenesis. 
Life-history, meaning of the term, 43 
Lignin wood), composition and 

properties of, 416 

Ligule, 443 

Linear ag^egate, an aggregate of cells 
arranged in a single longitudinal series, 
188 

Linnaeus, C., introducer of binomial no- 
menclature, 8, 139 
Liver, Dogfish. 382 

Lymphatios, Dogfish, 391 

M 

Mad'reporite (from its similarity to a 
madrepore or stone-coral), 308 
Mandible, 324 
Mantle, Mussel, 348 
Manuh'rium {tnannbriniu, a handle) of 
Medusa, 239 

Matura'tion of ovum, 259 
Maxilla, 324 

Maxilliped {maxilla, jaw ; />es, foot), 

Maximum temperature of amoeboid 
movements. 21 

Medulla or Medul lary substance {mf- 
dulla, marrow): in Infusoria, no: in 
(jymnosperms, 448 

Medullary rays, 449, 452 
MedUS'a (MeSovo-a name of one of the 
Gorgons), the free-swimming reproduc- 
tive zooid of a hydroid polype, 239’. 
derivation of a, from hydranlli (Figure), 
240 

Medus'old, a reproductive zooid having 
the form of an imperfect Medusa, 
Diphyes, 249 

Meg'agam'ete (ixlya^ large : ya/xew to 
marry), a female gamete iq.vi) distin- 
guished hy its greater size from the male 
or microgamete, 132 

Meg'ap.11cleUS {fJieya.^ large ; muleits, a 
kerrrel), iii, 128 

Meg'asporanjgium {y.iywi large : a-TTopa 
seed ; ayysiov a vessel), the female 
sporangium in plants with .sexually di- 
morphic sporangia, usually distinguished 
by its greater size from the male or 
micro-sporangium : — Salvinia, 440 : Sela- 
ginella, 441 : Gymnosperms, 455 ; Angio- 
sperms, 466. 

Meg'aspore (fieyag, large ; (rrropd, a seed), 
the female spore in plants with sexually 
dimorpHlc spores, always distinguished 
by its large size from the male or micro- 
spore ■ — Salvinia, 440 : Selaginella, 441 : 
Gymnosperms, 455 : Angiosperms, 466 

Megazo'oid (/xe'yas large : animal : 


tiSo^, form), the larger zooid in unicel- 
lular organisms with dimorphic zoo’ds, 
35 , 132 

Mer'lstem (/aeptVnj/ixa, ^ formed from 
fiepi^tu, to divide), indifferent tissue of 
plants from which permanent tissues are 
differentiated, 418 

Mes entery (pe'eros, middle : evrepov, in- 
testine), a membrane connecting the en- 
teric canal with the body-wall, 276 : de- 
velopment of, 301 

Mes oderm (/aeoro?, middle : Sepfia, skin), 
the middle cell-layer of triploblastic 
animals : Polygordius, 275 : develop- 
ment of, 296 ; splitting of to form somatic 
and splanchnic layers, 299 

Mesogloe'a (/aeo-o?, middle : ykola, glue), 
a transjiarent layer between the ecto- and 
endo-derin of C’cel'-nterate^ : — in Hydra, 
222 in Bougainvillea, 236, 240 

Mes'ophyll (jataos, middle : ((wXkov, a 
leaf), the parenchyma of leaves, 420 

Mes'ostates (/Ufo-o?, middle : cnriuai, to 
st.-iDil), intermediate jiroducts formed 
during metabolism (y.?/.) and divisible 
into (a) anabolic mesostates r,r ana- 
StatOS, products formed during the con- 
version of food-materials into proto- 
plasm ; and {l>) katabolic mesostates 
or katastates, products formed during 
the breaking down of protoplasm, 18 

Metabolism {iifralioKii, a change), the 
entire .series of processes connected with 
the manufacture of ]»rotoplasm, and 
divisible into (a) constructive meta- 
bolism or anabolism, the processes hy 
which the substaiu es taken as food are 
converted into profoplasm, and (b) de- 
structive metabolism or katabolism, 
the processes by which the protoplasm 
breaks down Into simpler products, e.\- 
cretory or pla.stic, 17 

Met'amere (p-eVa, after : /U.ep09, a part), a 
body-segment in a transversely seg- 
mented animal such as Polygordius, 268 : 
development of, 299 ; limited num- 
f- her and concrescence of in Crayfish, 320 : 
in Dogfish, 372, 377, 396 

Metamorphosis (/aerap-optlitocri?), a trans- 
formation applied to the striking change 
of form undergone by certain organisms 
in the course of development after the 
commencement of free existence : — Vor- 
ticella, 133 : Polygordius, 298 : Mussel, 
365 

Mic robe (juixpo?, small ; / 3 ios, life). See 
Bacteria 

MICROCOC CUS (/Litxpb?.,?small : kokko^, 
a berry) (Figure), 86 

Mlcrogam'ete (/mucpb?, small : ya/ieui, to 
marry), a male gamete (q.TJ.), disf' 1- 
guished by its smaller size from 
female or megagamete, 132 

Micro-millimetre, the one-thousandth oi 
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a millimetre, or i-25,oooth of an inch, 
84 

micro-organism. See Bacteria. 
MioronilGleil8( /miKpbv, small: nucleus,^ 
kernel), iii, 128 

Micropylo (p.i/cpb?, small : ttvAt/, an en- 
trance), 457, 466 

micro-sporan'^uni(pL<.Kpb$, small : <riropd, 
a seed : dyyelov, a vessel), the male 
sporangium in plants with sexually di 
morphic sporangia, usually distinguished 
by its smaller size from the female or 
me§[a-sporangium Saivinia, 440: .Se- 
lagmella, 441 : tIymnosperm>,, 435 : An- 
giosptrms, 466 

Mic'rospore (/atKobs, small : o-TTopa, a 
seed), the male spore in plants with 
sexually dimorphic spores, always dis- 
tinguished by Its small size from the 
female or mega-spore : — Salvinia, 440 ; 
Selaginella, 441 ; Gymnosperms, 455 
Angiosperms, 466 

Microzooil (p.t#cpb?, small; an ani- 

mal : elbo?, form), the smaller zooid in 
unicellular organisms with dimorphic 
zooids, 35, 132 

Midrib of leaf, Moss, 403 

Minimum temperature fi>r amoiboid move- 
ments, 71 

Mollusca, the, 306 

Monosclous (p.61/0?, single • olxo?, a 
house), applied to organisn,.. in w'hich 
the male and female organs occur in tlie 
same inilividual, 199 

Monopod ial (/abeo?, single : iro.b , a foot), 
applied to brandling in which the main 
axis continues to grow in a straight line 
and sends otf secondary a.xes to the 

sides. 1 38 

MONOSTROMA (/xbro?, single ; <rTpaip.a, 
anything spread out), 202 (Figure) 

Morphol'ogy (p.op<))^, form ; Abyos a dis- 
cussion), the department of biology 
which treats of form and structure, 9 

Mor^Ula (cViminutive of nidnun, a mul- 
berry) See Polyplast. 

MOSSES: — Figures, 401, 406: genera^ 
characters, 402 : structure of stem, 402 ; 
leaf, 403 ■ rhizoids, 403 : terminal bud, 
403 ; reproduction, 404 ; development 
of sporogonium, 405 : of leafy plant, 
408 : alternation of generations, 340 : 
nutrition, 408 

Moutll Fiuglena, 47 : Paramoccium, 109 : 
Hydra, 220 : Medusa, 239 ; Polygordius, 

768 

MUCOR {vntcor^ mould) :— Figure, 159 
occurrence and general characters, 158 : 
mycelium and aerial hyphse, : 
sporangia and spores, 160 ; transition 
from uni- to multi-cellular condition, 
162 : development of spores, 163 ; con- 
jugation, 165 : death, 166 ; nutrition, 167 ; 
parasitism, 167 : feripent-cells, 168 


Mucous membrane, 58 

Multicellular, formed of many cells, 61, 
1:67 

Muscle {mnsculus.Q. little mouse, a muscle) 
nature of, 130 

Muscle-flbres, Bougainviilen. 236 

Muscle-plate, Polygiirdm-.p^; ; develop- 
ment of, 30X 

Muscle-process, Hydra, 224, 232 

Muscular System, Crayfish, 327: Mussel, 

Mushroom. Sec Agnricus. 

MUSSEL (same root as vt 7 iscL), Fresh- 
water -.— Figures, 351, 353, 356, 358, 
361. 364 : general characters 34 S : 

mantle, shell, and loot, 348 ; food- 
current, 339 : entei ic v-anal, 355 : gills, 
357 : blood-system, 3<:o : muscles, 354 ; 
nephridia, 359 : ronads, 363 : nervous 
system, 362 

Mycelial nyphSB, the liyplne interwoven 
to form a mycelium. 

Myoerium (/uvktj?, a fungus), a more or 
le.ss felt-like mass formed of interwoven 
hyphae : — Mucor, 160: Penicillium, 185 

MYcET'OZOA (mv«:t??, a fungus : (,‘^woi', 
an animal): — Figure, 33: occurrence 
and general characters. 52 : nutrition, 
54 : reproduction and life-history, 54 : 
animals or plants ? 181 

Myomere (/av?, mouse, muscle : 
part), a muscle-segment, 527 

My'ophan (p.vf » mouse, mu.scle : (^aiVai, to 
appear), no 

Myxomyoe'tes (fiv^d, slime : fiVKr)^, a 
Aingus). .See Mycetozoa. 


N 

NaupllUS, embryo of Crayfish, 346 

Nem atooyst (ctj’P®. ^ thread : Kvcrrif, a 
hag;. Figure, 226 

Nephrid'iopore (i't<^»pbs, a kidney ; nopog, 
a passage), the external opening of a 
nephridiuin, 282 

Nepnrld'ium (ve^pds, a kidney), structure 
of, Polygordius, 281 (Figure) ; develop- 
ment of, 301: Mussel, 359: Dogfi.sn, 
396 

Nepb'rostome a kidney. aTb/aa, 

a mouth), the internal or coslomlc aper- 
ture of a nephridium, 282 

Nerve, afferent and efferent, functions of, 
286 

Nerve-oell, 227, 242 

Nervous system, central and peripheral : 
— Medusa, 243 ; Polygordius. 283 : func- 
tions of, 287 : Starfish. 315 : Crayfish, 
241 : Mussel, 362 : Pogfish.^ 391 

Neur'OCOele (yevpov, a nerve : /cot'A?;, a 
hollow), the central cavity of the verte- 
brate nervous system. 391 

NITELL'A (niUo, to shine) :— Figures, 


K K 
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204, 209, 212, 214: occurrence and 

general characters, 203 : microscopic 
structure, 206 : terminal bud, 208 : struc- 
ture and development of gonads, 206, 
211: development, 216: alternation of 
generations, <717 

Node {nodus, a knot), the portion of a 
stem which gives rise to leaves, 205 

Not^OChord (i'cLto*', the back : ^ 

string), 377 . . 

Nucellus (diminutive of nutleus, the 
name formerly applied), 456, 466 

Nuclear division, indirect : 64 (Figure) : 
direct, 67 

Nuclear membrane, 6j 

Nuclear sap, 7, 63 
Nuclear spindle, 66 

Nucle olus (diminutive of nucleus), 8 

Nu'cleus (w/it/i’WJ, a kernel), minute struc- 
ture of, 63 ; Amoeba, 7, 8 . Paramoecium, 
III, 114: Opalina, 121 : Vorticella, 
128 : Nitella, 208, 21 1 : fragmentation 
of, 120 

Nucleus, secondary, of megaspore, An- 
giosperms, 474 

Nutrient solution, artificial, principles of 
construction of, 77, 

Nutrition: — Anuuba (holo/oic), ii: Hae- 
matococcus (holophytic), 28: Hetero- 
mita (saprophytic), 37: Opalina (type of 
internal parasite), 123 : Mucor 167 : 
Penicillium, 190 : Polygordius (type of 
higher animals), 270, 279 : Moss (type 
of higher plants), 408 


O 

Ocellus {Ocellus, a little eye), structure 
and functions of, Medusa, 240, 244 

CEsoph'agUS (oL<ro 4 )dyo<;, the gullet). See 
Gullet. 

Olfactory organ, Crayfish, 342 : Mussel, 
363: Dogfish, 394 

Ommatideum (dim. of o/a/xa, eye), 342 

OntOg'eny (dorof, being . 7eVecri?, origin), 
the development of the individual : 
a recapitulation of phylogeny 
146 

Oogen'esiS (atdy, an egg : yeVecri?, origin), 
the development of an ovum from a 
primitive .sex-cell, 256 

Oogonium (d»or, egg : yoro?, produc- 
tion), the name usually given to the 
ovary (^.v.) of many of the lower plants. 

Oosperm (woV, egg: crTrep/aa, seed), a 
JWgote ((7.7 a), formed by conjugation of 
the ovum and sperm : a unicellular 
embryo, 173, 260 : origin of nucleus of, 
261 

Oosphere (wdi/, an egg : O-I^alpa, a sphere), 
a name frequently given to the ovum 
(^.t/.) of plants. 

Oospore (wdr, an egg : crvopd, a seed), a 


name frequently applied to the oosperm 
0/.z/.)of plants. 

OPALIN'A (from it.s opalescent appear, 
ance) : — Figure, 12a : occurrence and 
general characters, 121 : .structure 
and division of nuclei, 121 : parasitic 
nutrition, 123 : reproduction, 124: means 
of dispersal, 124; development, 125 

Optimum {optimus, best) temperature for 
amneboid movements, 21 : for sapro- 
phytic monatls, 40 

Organ (dpyaror, an instrument), a portion 
of the body set apart for the performance 
of a particular function, 288 

Or'ganism, any living thing, whether 
aninml or plant, 5 

Osphradlum(6(r(fipa(Vop.at, to smell), 363 

Ossicle (diminutive of os, a bone), 308 

Ov'ary {oviwt, an egg), the female gonad 
or ovum-producing organ ; see under the 
various types and especially V^aucheria, 
1^2 : atrophy of, in .\ngiuspenn'«. 474. 
I'he name is also incorrec'tly apjilied to 
the venter of the pistil of Angiosperins, 

465 

Oviduct {ovum, an egg : duco, to lead), 
a tube conveying the ova from the o\ary 
to the exterior, 292 

Ov'um {o7'um, an egg), the female or 
megagametc in its highest state of dif- 
ferentiation : general structure of, 68 ; 
minute structure and maturation oh 256; 
see also under the various ty[)es and 
especially Vaucheria, 173 : formation of, 
in Angiosperins, 474 

Ov'ule (diminutive of ox'um), the name 
usually applied to the megasporangium 
(^.7'.) of Phanerogams. 

Oxidation of protoplasm, 15 

OXTTRICH'A (d^v?, sharp : 0pif, a hair), 
120 (Figure) 


V 

Pallium See Mantle. 

I’alp {palpo, to stroke), Crayfish, 325 : 
Mussel, 355 

Pancreas t Tray Kpea^, sweetbread), 382 

PANDOBINA (Figure), 262 

Param'ylum (napd, beside : a/xvAor. fine 
meal, starch), 46 

PARAMOE'OIDM Figures, to8, 115; 
structure, 107: mode of feeding, 112. 
asexual reproduction, 114 : conjugation, 
1x4 

Par asite, parasitism {jrapda-iro^, one 
who lives at another’s table) Bacteria, 
92: Opalina, 123*. Mucor, 167 

Paren'enyma (rrapeyxvp.a, anything 
poured m beside, a word originally used 
to describe the substance of the lungs, 
liver, and other soft internal organs), 
applied to the cells of plants the length of 
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whicli does not greatly exreed their 
breadth and which have soft non-ligni- 
fied walls, 6o ; ground -parenchyma, 413, 

4^5 ^ , 

Parl'etal {pa 7 -ns, a wall), applied to the 
layer of ccelomic epithelium lining the 
body-wall, 274 

Partllfinogail'BSiS (TrapdeVo?, a virgin : 
ycVe<ric, oiigin), development from an 
unfertilized ovum Oj other female gamete, 
200 

Parthenogenet'ic ova, characteristics of, 

259 

Pasteur, Louis, researches on jcast, 76 
Pasteur’s solution, composition of. 76 
Pectoral Arch and Fin, 378 
Pedal the foot) ganglion, Mussel, 
362 

Pedicellaria, 308 
Pelvic Arch and Fin, 379 
PENICILLIUM (pmicillmtiy a painter’s 
brush, from the form of the fully-deve- 
lopevi ..(irial nyphac) Figure, 186: oc- 
currence and general characters, 184 ; 
mode of growth, 185 : microscopic 
structure, 185: formation and germina* 
lion of spores, 789; sexual reproduction, 
190: nutrition, 190: vitality of spores, 
191 

Pepsin (fftirTU), to diges'), th=- proteolytic 
or peptonizing ferment of the gastric 
juice, T2, 80 

Peptones, 12 

Perianth (trcpi, around ; aT'flov, a flower), 
the proximal infertile leaves -f a flower, 
468, 471 

Pericardial Sinus, Crayfish, 337 
Pericardium (irepi, around; xapfii'a, heart), 
Mussel. 355: Dogfish, 372 
Pericycle (Trfpt, around : kvxAos, a circle), 
478, 463 

Perispenn (Trepi, around ; v^T€p^La, seed), 
nutrient tissue developed in the nucellus 
of the seed, 476 

Peristom'e (n-ept, around ; o-Topa, the 
mouth), Vorticella, 128 
Peristom ium (Trepi, around ; o-ToptioiS p^i 
little mouth), the mouth bearing .segment 
of worms, 268 

Peritone'um {vepnouaiov), the membrane 
covering the vi.tcera, 372 
Pet'alS (7i-6TaAov, a leaf), the inner or dis- 
tal perianth leaves in the flower of 
Angiosperms, 464 

Pharynx (<f>dpuyf, the throat) ;—Poly- 
gordius, 277 ; Dogfish, 381 
Phloem (<f)Aot6s, bark or bast), the outer 
portion of a vascular bundle, 417 
Phyla a tribe) of the animal king- 

dom, 304 : of the vegetable kingdom, 
432 

Phyll'ula(d iminutive of <f>vAAor, a leaf), 
the stage in the embryo of vascular 
plants at which the first leaf and root 


have appeared, 360 ; contrasted with 
gastrula, 428 

''hylog eny (<f)vX.ov, a race : ycYeerts, 
origin), the development of the race, 147 
Physiol'ogy the nature or property 

of a thing ; Adyos, a discussion), the de- 
partment of biology wllicb treats of 
fuiiCtion, 9 et seq. 

Pigment-spot, Euglena, 47 
Pileus O/Zf-wj, a rap), Agaricus, 191 
Pinnule (dim of a feather), ..)f leaf, 
420 

Pistil {pisiillujfi, a pestle, fro.n pinso, to 
pound.) See Gynoecium. 

Pith See Medulla. 

Placoid scale, 369 

Plan'ula (diminutive of ir\dvoi, a wander- 
ing about), the mouthless diploblastic 
larva of a hydroid 246 
Plant, definition of, 179 
Plants, classification of, 434 
Plas'ma (7rAdcrp.a, anything moulded), of 
blood, 56 

Plasmo'diUm(jrAdo-ju.a,anything moulded), 
52-55 : comparison of with zygote, 5.^ 
Plastic (trAaoTtxds, formed b> moulding) 
products, products of katabolism which 
remainan in tegral part of theorganism, 33 

Pleopod, 321 

Pleurobranchla (TrAevpdi/, side; fipay^ia, 
gills), 337 , . 

Pleuron (TrAevpdv, side), 320 
Podobranchia (ttov? foot, /Spdyxia gill), 335 
Pod'omere (ttov?, a foot ; /ae'pos, a part), a 
limb-.segment, 321 
Polar ceUs, formation of, 259 
Pollen grain {pollen, fine flour), a name 
given to the microspore (f/.z/.) of Phantro- 
grams. 

Pollen-sac, a name given to the microspo- 
rangium {q.v.) of Phanerogams. 
Pollen-tube, 458, 475 
Ptdlina'tlon, 458, 475 
POLYGORD'IUS (ttoAv?, many : Fopfiio;, 
King of Phrj^gia, inventor of the Gordian 
knot) ; — Figures, 269, 271, 282, 284, 291, 
203, 297, 300 : occurrence and general 
characters, 268 ; metameric segmenta- 
tion, 270 : mode of feeding, 270 : enteiic 
canal, 270, 277: cell-layers, 273: 

rcelome, 270 : distribution of food, 278 ; 
blood-system, 279 : nephridia, 281 : 
nervous system, 283 ; different iation of 
definite organs and llssue.s, 288: repro- 
duction, 290 : development and meta- 
morphosis, 292 

Polymorphism (ttoAvs, many ; ju.op(/)^, 
form), existing under many forms, :449 
Pol'yplast(TroAvv, many: TrAao-To?, formed, 
modelled), the multicellular stage of the 
embryo before the differentiation of cell- 
layers or organs ; — Hydroids, 246 : Star- 
fish, 316: Moss, 405; Fern, 427 
PORPlTA(Tr6pin7, a brooch), 249; Figure,25i 
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Primor dial utricle, 196, 207 
Proctodaa'um (ttpwktos, the anus : oBalo^, 
belonging to a way), and ectodermal 
pouch which unites with the enteron and 
forms the posterior end of the enteric 
canal, its external aperture being the 
permanent cfnus, 296 

Pro-nucleus, feviale, 259, 459 ; malCy 
260, 459 : conjugation of male and fe- 
male, 260, 459 

PrOBtom'ium (irpd, before : o-Topioi', a little 
mouth), the first or pre-oral segment in 
worms, &c., 268, 293 

PROT'AM(£BA (TrpwTos, first : dpoi^ds, 
changing), 9 (Figure). 

ProthallUS (n-pd, before ; flaAAd?, a twig), 
the gamobium of vascular plants : — Fern, 
425 : dimorphism of in Equiseturn, 438 : 
reduotion of in Salvitiia, 440, 442 ; 

Selaginella, 444, and Gymnosperms, 458 ; 
retarded development of in Angiosperms, 
476 

ProthallUS, secondary, Selaginella, 445 
Prot'eldS (ffpwTo^, first), composition of, 5 
ProtiSt'a (ttp^tio-tos, the first of all), the 
lowest organisms, intermediate between 
the lowest umloubtcd animals and plants, 
182 

Protoooc'CUS(7rpwT09, first: xdxxo?, berry). 
See Haematococcus. 

PR0T0M7X'A (irpwTos, first : /avfa, 
mucus): Figure, 50: occurrence and 
general characters, 49 ; life-history, 51 : 
animal or plant? 181 
Protonem'a (trpwTOS, first: a thread). 

Moss, 404, 408 

Prot'oplasm (ttpwtos, first : TrAdcrpa, any- 
thing moulded), composition of, 5 ; pro- 
perties of, 5 ; micro-chemical tests for, 

7 : minute structure of, 62 : continuity 
of in Fern, 418; in Polygordius, 289: 
intra- and e.xtra-capsular, Kadiolaria, 
152 

Protopodite (ttpwtos, first: ttov? foot), 323 
Protozoa, the, 305 

Prozlmsd nearest), the end 

nearest the point of aitachiuent or or- 
ganic base, e.g. in the stalk of Vorticella, 
ia6 

Pseud'opod false : irov?, foot), 

described, 4 : comparison of with cihum, 
34,52; in columnar e piihelium, 59; in 
endoderm cells of Hydra, 228 
Ptoris. See Ferns. 

Punctum vegetationis. See Growing 
point. 

Putrefaction {/>nire/<tcio, to make rotten) 
nature of, 82 : a process of fermentation, 
91 : conditions of temperature, moisture, 
&c., 03 

Putrescent {putresco, to grow rotten) 
solution, characters of, 37, 82 
Putres'cible infusion, sterilization of,. 99 
Pyloric dlvlBion. See Stomach. 


Pyren'oid (rruprii/, the stone of stone-fruit : 
eWos form), a small ma.ss of proteid 
material invested by starch, 27 


R 

Radial symmetry, starfish, 306 
RADIOLAR'IA {radius, a spoke or ray): — 
Figures, 152, 153; occurrence and 

general characters, 152 ; central capsule, 
152 : intra- and extra-capsular pro- 
toplasm, 152 ; silicious skeleton, 152 ; 
symbiotic relations with Zooxanthella, 

154 . . 

Rect'um (intestinum rectum, the straight 
gut), the })osterior or anal division of the 
enteric canal, 278 

Redi, F rancisco (Italian savant), experi' 
menls on biogenesis, 97 

Reducing division, 256, 260 
Reflex action, 286 
Reproduction, necessity for, 19 
Reproductive organ. See Gonad 
Reservoir of contractile vacuole, Euglena, 
47 

Respiration : — Amceba, 17 : Polygordius, 
280 

Respiratory caeca, Starfish, 308 
Rhlz'old(p(Va, root lelSof, form): — Nitella, 
205, 2 II : Moss, 4<i3 ; prothallus of Fern, 

423. 430 

Root, Fern, 421, 427 ; Gyu.inosperms, 448 

Root-cap, 422 
Root-hairs, 421 

Ross, Alexander, on abiogenctic origin of 
mice, insects, tSic., 96 
Rostrum (n’A 7 r//;w, beak), 321 
Rotation of protoplasm, 207 
Rudiment, rudimentary (/v/r/Zw^v/ /«;//, a 
heginning). the early stage of a part or 
.'igaa ; oin ii used for a structure which 
has undergone partial atrophy, but in 
such cases the word vestige (17. 7/.) Is 
more suitable. 

, s 

SAOOHAROMT'GES (crdKxapoy, sugar : 
/avKijs, fungus): — Figure, 72 ; occurrence, 
71 ; structure, 71 ; budding, 73 : in- 
ternal fission, 74 : nutrition, 75 ; alco- 
holic fermentation caused by, 75 ; experi- 
ments on nutrition of, 78, 80 : animal 
or plant ? 182 

SALVIN'IA : — Figures, 439, 441 : general 
characters, 438 : mega- and micro-spor- 
angia and spores, 440 : male and female 
prothalli and gonads, 442 : development 
and alternation of generation.s, 442 
Saprophytic (trairpoc, putrid : <t>vT6i’, a 
plant) nutrition, defined, 39 
Schulze's solution, test for cellulose, 28 : 
for lignin, 416 
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Scl6reil'Oll3rnia (trxAi^o?, hard : iyxvfia 
infusion) : — Moss, 402 : Fern, 413, 416 
Scyllium. See Dogfish. 

Secre'tion {secretus^ separate), nature of, 
227 : formation of cell-wall a process of, 

See^, formation nncl germination of, 459, 
476 

Seg'mont (jseg^nientum, a piece cut off), i.i 
plants a node together with the next 
proximal internode, 205 : in animals the 
name is variously applied. See Meta- 
mere, Podomere. 

Segmental cell: NiteiL. 210: Mo.ss, 
40s ; Fern, 41S 

Segmentation, metameric. See Moca- 
mere. 

SELAQINELL'A (o-cAayew, to .shine): — 
Figures, 443, 445 ; general characters, 
442 : coiK, .sporangia, and .spores, 444 : 
prothaUi and gonads, 444 : development 
and alternation of generations, 446 
Self-fei blllzatlon, applied to the sexual 
process when the gamete.s .spring irom 
the same individual, jgg 
Sepals {sepaVy separate), the outer or 
proximal perianth-leaves in the flower of 
Angiospernis, 464, 4(18 

Sep tum {septuniy a bar'-i^r) -In Peni- 
cillium, 187: in rol3'g-.rdius, 277: 
development of, 301 
Set a {seta, a bristle), 287 
Sex-cells, primitive, 253; origin of in 

Hydroids, 245: in Polygordius, 290 
Sexual differentiation, illustrated by 
Vaucheria, 172 : by Spirogyra, 199 
Sexual generation. See Gamobtum. 
Sexual reproduction, nature of, 42 
Shell, Mussel, 350 

Shoot, in plants, an axis of the second or 
any higher order with its leaves, 206 

Sieve-tubes ai^d plates, 418 
Sinus {sinuSy a hollow) in Crayfish, a 
spacious cavity containing blood, 338 

Sinus venosus, 384 

Siphons, in- and ex-lialant, 349 I 

Skeleton. See Kudo- and Exo-skeletop. 
Skull, Dogfish, 374 
Slime-fungi, See,Mycet 070 a. 

Solid aggregate, 203 
Somatic (<ra)/Lta, the body), applied to the 
layer of mesoderm which is in contact 
with the ectoderm and with it forms the 
body-wall, 275 

Sor'us (a-topo?, a heap), an aggregation of 
sporangia, 422, 440 

Species {specieSy a kind), meaning of term 
illustrated, 8, 137; definition of, 139* 
origin of, 141 

Specific characters, specific name, 8. 139 
Specialized, meaning of, 140 
Sperm (o-wp/aa, seed), the male or micro- 
gamete in its highest stage of differentia- 
tion : structure and development of, 255 : 
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see also undi^r the variou.s types, and 
especially Vaucheria, 173 
Spermatozo id, spermat'ozo on {cnripfia, 
.seed : animal, from the actively 

moving sperms of animals having been 
supposed to be parasites), «yuon3'ms of 
-Sperm. > 

Spermary (aTrep/ia, seed), the male gonad 
or sperm-producing organ : see under the 
various types, and especially Vaarheria, 
172 

Spermlduct (crnepfia, seed ; cfuco, to lead), 
a tube conveying the sperm from the 
spermary to the exterior, 292 
SpermatOgen'OSiS (enreppia., seed yeveai^y 
origin), the development of a sperm from 
a primitive .sex-cell, 254 (Figure) 

Spinal cord. Dogfish, 391 
Spiral vessel. See Vessel. 
SPIRILL'UM(i/rVfl:, a coil) 86, 88 (Figure) 
SPIROGYRA (5/f; a, a coil '.^s^yrits, a revo- 
tion): — Figure, 195; occurrence a r 1 
general characters, 194 : microscopic 
structure, 194 ’.growth, 197 : conjugation, 
198 : development, 200 : nutrition, 200 
Splanch'nic {(nrkdyxvov, intestine or \’is- 
cus), applied to the layer of mesoderm 
which js in contact with the endoderm 
and with it forms the enteric canal, 275 
Spontaneous generation. .See Alxio- 

genesis. 

Sporan gium (o-nopd, seed : dyydoi', a 
ve.ssel), a .spore-case: — Mucor, 160 : Vau- 
cheria, 17 1 : Fern, 422. Seeabso Mega- 
and Micro-.sporangium. 

Spore (<rrropdy a seed), an asexual repro- 
ductive cell : see under the various types 
and e.specially Heteromita. 42: Saccna- 
romyces, 74: Bacteria, . vitality of 
in Bacteria, 99, loi : Penicilliuin, 189 ’. 
Moss, 407 : Fern, 423. See also Mega- 
nnd Micro-spore. 

Sporo^on'ium a-nopd seed : ydj/ov pro- 
duction\ the agamobium of a moss, 407 
Spor'ophyll (ertropd, seed : 0 vAAov, leaf), 
a sporangium-bearing leaf : — EquLsetum, 
436 : .Selaginella, 444 ; Gymnosperms, 
454, 455 : Angiospernis, 466, 471 
Stamen {siamen, a thread), a male sporo- 
phyll, 454, 456, .466 

Starch, composition and properties of, 27 
STARFISH Figures, 307-317 ’• general 
characters, 305-310 . radial symmetry, 
306 : tube-feet and ambulacral system, 
307, 313’ exoskeleton, 310: nervous 
system, 315 : reproduction and develop- 
ment, 315-317 

Stem, structure of :~Moss, 402 ; Fern, 413 : 
Gymnosperms, 448 : Monocotyledons, 
462 

Sterlg'ma (imipiy/Aa, a support) : Penicil- 
lium, 188 ; Agaricus, 193 
Sterilization of putrescible infusions, 99- 
102 
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Stomum ((TTc'pvov, the breast), 320 
Stigma (ffTi7/uia, a spot), the receptive ex- 
tremity of the style, 465 
Stimulus, various kinds of, 286 
Stoclc. See Colony. 

Stomach, Starfish, 310 : Crayfish, 332 : 

Mussel, 255 Dogfish, 381. 

Stom'atO (<rT6/ji,a, mouth), 421 
Stomodas'um (arotia, mouth : oSaiof, be- 
longing to a way), an ectodermal pouch 
which unites with the enteron and forms 
the anterior end of the enteric canal, its 
aperture being the permanent mouth, 
296 

Stone>canal, Starfish, 314 
stylo {stylus, a column), the distal solid 
portion of the female sporophyll or of the 
entire gyncecium in Angiosperms, 467 
STYl,iONiCH'IA((rTuAo?, a column : owf, 
a claw), Figure, 117: occurrence and 
general characters, no : polymorphism 
of cilia, 1 18 

Sub-apical cell. See Segmental cell. 
Supemdal aggregate, 202 
Supporting lamella. See Mesogloea. 
Suspensor : Selaginella, 446 : Gymno- 
sper ms , 459 : Angiosperms. 475 
Sweet wort, composition of, 75 
Swimming-bell, Diphyes, 248 
Symbio'sis (<rv/ui/3tw<ri9, a living with), an 
intimate and mutually advantageous 
association between two organisms, 154 
Syner'gidSB (<rvi/epy6y, a fellow worker), 

Sys'tole (<Ty<rToA^, a drawing together, 
ccuitraction), the phase of contraction of 
a heart, contractile vacuole, &c., in 


T 


Teeth, Dogfish, 799 

Telson, 320 

Temperature, effects of on protoplasmic 
movements, 20 

Tentacles : — Hydra, 220, 222 ; Bougain- 
villea, 236 ; Polygordius, 268 : Starfish, 
508 

Tergum {terg'um, back), 320 

n'imd bud Nitella, 206, 208 : Moss, 


s (the Latin word), generally used for 
the spermary (f/.v.) in animals. 

Thermal death-point. See Ultra-maxi- 
mum temperature. 

Tissues, differentiation of : — Polygordius, 
288 : Fern, 420 

Tracheides (rpaxvc, rough : elSo;, form), 
452 

Transpiration, the giving off of water 
from the leaves of plants, 409 

TriOb'ccyst (0pt^, a hair : xvoris, a bag), 

Triploblast'iC (TpurAooc, triple : ^SAocTpy, 
a bud), three-layered; applied to .1 '• 


mals in which the body consists of ecto- 
derm, mesoderm, and endoderm, 236, 

TrocVosphere (rpoyoc,a wheel, in reference 
to the circlet of cilia : ar<ftalpa, a sphere), 
the free-swimming larva of Polygordius, 
&c. : — characters of, 293(P'igure) : origin 
of from gastrula, 295 : metamorphosis of, 
298 

TUDO-fcet, Starfish, 307, 314 
U 

Ultra-maximum temperature, for amcc- 
boid movements, 21 : for monads, 40 ; for 
Bacteria, 93 

ULVA {iiha, an aquatic plant), 203 
Umbell'ate {umbclla, a sun shade, um- 
brella) applied to branching in which 
the primary axis is oflimited growth and 
sends off a number of .secondary axes 
from its distal end, 138 
Unioell'Ular, formed of a single cell, 61 ; 
connection of uni- with multi-cellular 
organisms, 261 
UniO. See Mus.sel. 

Ureter (ovprtrjp, the Greek name), the 
duct of the kidney, 396 
Uropod (ovpd, tail : novs, foot), 323 

V 

Vac'UCle {X'acuus, empty), contractile, n, 
III : non-contraciile, 71 
Variability, 147 
Variation, individual, 140, 147 
Variety, an incipient .species, 147 
VaSC'uIar (rascri/uw, a small vessel) 
bundles. 413, 416, 430, 462 
Vascular plants, 417 ' 

VAUCHEBIA (after J. P. E. V'auchcr, a 
Swiss botanist) Figure, 870 : occur- 
rence and general characler.s, 1 69 : minute 
structure, 169: asexual reproduction, 171 ; 
sexual reproduction, 172 ; nutrition, 174 
'Vegetative cell, 455 
Vegetative nucleus, 474 

Veins, of Crayfish, 338 : of Mussel, 36? : 

of Dogfish, 387 ; of leaves, 420 
Vel'um yveUtm, a veil) of medusa, 240 
Venter {venter, the belly), of ovary of 
Moss, 404, and Fern, 426 : of the female 
sporophyll or of the entire gynoecium of 
Angio.sperms (so-called ovary) 465, 473 
Ventral nerve-cord Polygordius, 283 : 

development of, 298 : Crayfish, 341 
Ventricle. See Heart. 

Vermes, the 305 

Ver'tebral (7/ertebm, a joint) centra and 
column, Dogfish, 376 
Vertebrata, the, 306 

Vessels : — of plants, spiral and .scalariform 
4x6, 419 : of animals, .see Blood-vessels. 
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Vestifi^, vestigial (SfestiguiWi a trace), 
applied to any structure which has be- 
come atrophied or undergone reduction 
beyond the limits of usefulness, 118 
Vib'liO to vibrate), 86, 88, (Figure) 
Visc'eral iviscns, an internal organ), ap- 
plied to the layer of cuelomicepuhelium, 
or of peritoneum, covering the intestine 
and other internal organs, 274 
Visceral ganglion, Mussel, 362 
Vitelline {vitellns, yolk) membrane, the 
t.'ell-giembrane of the ovum, 257 
VolVOX {volvo, to roll), 264 (Figures) 
VORTIOELLA (diminutive of voyte v. nn 
eddy); — Figure, 127; occurrence .'md 
general ch^^racters, i : structure. 1 .»6 : 
asevual reproduction, 131 ; conjugation, 
132 : means of dispersal, 132, 134 : encys- 
tation, spore-formation, development, 
and metamorphosis, 133 

W 

Waste-products, 33 
Water of organization, 5. 29 
Whorl of leaves, 205 
Wood. Ste Xykm. 

Work and Waste, 14 


Xylem(fvAo»', wood) d. inner portion of 
a \ ascular bundle, 417, 450, 463 


Yeast, 71 

Yeast-plant. See Saccharomyces. 
YellOW-oellS of Radiolaria, 154 
Yolk-granules or spheres. 68 233, 256 


z 


Zoogloe'a (fwor, an animal : yXoia, glue), 

85 

2k)Oid an animal : el6o5, form'), a 

single individualofa cotnpou. i organism, 

13^ 234 

Zootham'nium (j^uov, an animal : ffdfjiyof, 
a bush) : — Figures, 134, 138 ; occurrence 
and general characters, 135 ; dimorphism 
of zooid.s, 135 : means of di.spersal, 1^0 : 
characters and mutual relations ofspecie->, 

Zooxanthell a> (^u>or, an animal : $au 66 i, 
yellow), 154 

Zyg'ospore (^vybi', a yoke : ornopd, a seed), 
applied to a resting zygote formed by the 
coniugation of similar gametes, 166 
Zygote (^vytoTo?, yoked), the products of 
conjugation of two gametes : — Hetero- 
mita, 41 : Vorticella. 133 : Mucor, 165 : 
V^aucheria, 174 : Spirogyra, 198 


THE END 
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